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PRESIDENTIAL ADDRESS TO THE CONGRESS *) 
ON THE OCCASION OF THE FOUNDATION 
OF A EUROPEAN ASSOCIATION FOR RESEARCH 
IN THE FIELD OF PLANT BREEDING 


J. C. DORST 
President of Eucarpia, Wageningen 
Received 29 Oct. 1956 


In the Netherlands, the zoo at Amsterdam is known under the name of Artis. But 
only few people know that this is the abbreviation of “Natura Artis Magistra” which 


means “natureis the teacher of arts” and still fewer is the number of those who realize — 


the fundamental truth expressed by these three words. 

DARWIN has not only drawn the attention to the wide diversity of plants and animals 
but he has also made it clear that selection practised either by nature or by man is of 
great importance. And VAvILOv — as far as I know — is father to the thought that evolu- 
tion of plants is breeding by nature and that plant breeding is evolution directed by 
man. 

“The struggle for existence” and “the survival of the fittest” are expressions which 
have become generally known, especially through the works of DARWIN. Since then it 
has been realized that this principle is not only significant for the problem of evolution, 
as plant sociologists and grassland experts are repeatedly confronted with the same 
problem. Breeders who compose their populations of self-fertilizing plants artificially 
by mixing some lines have to ask the question in what direction and how quickly this 
composition can change after some generations. It is peculiar that this thought has 
been expressed long before DARWIN. In ““Réflexions et Maximes” (Reflections and 
Maxims) by VAUVENARGUES we can find the following words: ‘Entre rois, entre peu- 
_ ples, entre particuliers, le plus fort se donne des droits sur le plus faible, et la même 
règle est suivie par les animaux et les êtres inanimés; de sorte que tout s'exécute dans 
_Yunivers par la violence et cet ordre que nous blâmons avec quelque apparence de 
justice, est la loi la plus générale, la plus immuable, et la plus importante de la nature.” 
(Among kings, among peoples, among private persons the strongest claims his right 
over the weakest and the same rule applies to animals and ínanimate creatures; in 


consequence all happenings in the universe are effected by violence and this order 
which we condemn with some apparent justice, is the most general, the most unshak- 
_able and the most important law in nature). These words date back to 1746, long be- 


fore WELLs and DARWIN. 
*) Held at Wageningen (The Netherlands) on 2, 3 and 4 July 1956. 
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VAVILOV and others have established that the classifications designed by takonomists 
have no absolute value. But CARRIÈRE remarked as far back as 1865 that “Tespèce, 
quelle qu'elle soit, ne peut être que relative et plus ou moins conventionnelle” (the 
species, whatever it is, has only a relative and more or less conventional value). In his 
booklet “Production et fixation des variétés”’ which is still worthy of reading he al- 
ready advocated rules which are “à la fois pratiques et théoriques” (both practical and 
theoretical), thus characterizing the essence of plant breeding. NILSSON-EHrLE has put 
this advice into practice in a masterly way. 

When considering the wide diversity of wild and cultivated plants it is not surprising 
that also various lower organisms exhibit variation and physiological specialization. 
New forms resulting from crossing or from mutation are not restricted to higher plants. 
What has been done by nature over many ages is imitated by man in all sorts of ways, 
but often we recognize only after many laborious experiments and numerous disap- 
pointments that nature is our teacher. 

None of us would be willing to return to the time when philosophizing or explana- 
tion on religious grounds were in vogue. At present careful experiment is needed and 
everyone is convinced of the necessity to try and find a solution for important problems 
through analysis and specialization. 


At congresses of physiologists, geneticists, phytopathologists, etc. problems are 
often discussed which are closely related to plant breeding. However valuable, even 
indispensable, investigations in other fields may be for plant breeding, in many cases 
they are lacking something of the coordinative and constructive elements which plant 
breeding needs. Referring to the well-known expression of JOHANNSEN, “nicht als 
Mathematik doch mit Mathematik” (not as mathematics but with mathematics), it 
could be said that specialists should not treat plant breeding as genetics, as physiology, 
as phytopathology, but with genetics, physiology, phytopathology, etc. The specialist 
should be aware of the place and the proportion of his subject as part of the whole. He 
will also have to understand the relationship and the mutual connection. He who is 
working with living creatures knows that there is a strong action and reaction, an 
intense interaction between all sorts of processes. In plant breeding it is also held that 
the whole is more than the sum of the parts. 


The specialist often has his own views, his own expressions, his own scientific 
“jargon”. And many expressions are easily adopted by others who do not realize the 
exact meaning of the conception, or even give it another interpretation. The frequently 
used term “resistance” is a striking example of this misuse. 

Personal contact and exchange of views will enable workers to understand the 
scientific expressions of specialists. The specialist who is absorbed in his problems and 
his work, will mostly restrict himself to the literature appearing in his own special field. 
He should consider it a great advantage that at a congress he has an opportunity to be 
informed on important problems in a relatively easy way since the latter are explained 
by experts. This holds even if the particular problems are not directly connected with 
his own work. From experience I remember that a lecture on a certain subject gave me 
a new vision on a problem of a quite different nature. 

That personal contact with investigators who are working on the same problems or 
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on the same crop can be of great importance need not be emphasized. The preparatory 
committee of the new association has therefore considered the institution of a number 
of sections or working committees which are to meet fairly regularly; at the same time 
the idea has been suggested that a general congress is organized every three years. It is 
a great advantage that during the congress excursions are also organized in order to 
become acquainted with the materials used and methods applied in the investigations. 
Modern plant breeding requires large investments and it is certainly worth while to 
travel in order to profit from good and bad experiences of others. 


Fundamentally plant breeding is very synthetic in character. Ultimately the aim is to 
enrich the assortment of varieties and any breeder knows that practice is a severe judge. 
The specialist also should take this fact into consideration, for the words of CARRIÈRE 
“La nature ne se prête point servilement à nos calculs” (nature is not a humble servant 
of our calculations) still holds. Every specialist will be well-advised to consult regularly 
the teachings of Nature. For in spite of all sorts of measures, ultimately man has to 
wait for what Nature intends to offer him. The great poet-philosopher GOETHE has 
expressed it as follows. “Man reiszt ihr keine Erklärung vom Leibe, trutzt ihr kein 
Geschenk ab, das sie nicht freiwillig gibt. Ihre Krone ist die Liebe. Nur durch sie 
kommt man ihr nahe.” (It is impossible to force explanations from her or to compel her 
to present things which she does not give of her own free will. Her crown is love and 
only through love she can be approached). 


LADIES AND GENTLEMEN, 


Frequently in the past use has successfully been made of plant material which had 
been imported from elsewhere. Exchange of material for crossing and for testing pur- 
poses has been very important and it will become still more so in the future. 

By sharing problems and experiences also, a mutual fertilization of our work and a 
test for resistance to criticism will be of great importance. 

In the hope that through the exchange of material and immaterial goods the new 
association may contribute to the successful development of plant breeding 1 declare 
this Congress open. 


Euphytica 6 (1957): 4-10 


DEVELOPMENT AND ORGANIZATION 
OF THE BREEDING OF AGRICULTURAL CROPS 
IN THE NETHERLANDS 


J.C. DORST 
Institute of Agricultural Plant Breeding, Wageningen 
Received 29 Oct. 1956 


In 1886 L. BROEKEMA crossed the English Squarehead wheat with the Dutch local 
variety Zeeuwse Witte (Zeeland White). The Spijk wheat resulting from this cross was 
crossed again with Squarehead and from the hybrid population resulting from this 
second crossing some lines were selected which were mixed and introduced under the 
name of Wilhelmina. 

BROEKEMA was a teacher and later Director of the Government Agricultural School 
at Wageningen, the precursor of the present Agricultural University. Among other 
subjects he lectured in dairying and animal husbandry, while with primitive means and 
on a small trial field he practised plant breeding as a sort of hobby. Although he main- 
ly worked prior to 1900 yet in his methods we find some principles which even now are 
modern. 

The great success of Wilhelmina wheat has not failed to rouse the Government's 
interest in plant breeding. The results of the breeders MANSHOLT, VEENHUIZEN and 
KuHN have also contributed to this interest. 

At the time when Wilhelmina wheat was making its triumphal march new possibili- 
ties were opened and great expectations were roused by the rediscovery of MENDEL’s 
laws. In addition services for the inspection of crops were established in various parts 
of the country shortly after the turn of the century. This led to the need of more know- 
ledge and a better information on varieties. 

All these factors can be mentioned as motives for the government to add an Institute 
of Agricultural Plant Breeding to the then Government Higher Agricultural, Horticul- 
tural and Sylvicultural School at Wageningen, in 1912. This Institute, which I will call 
L.v.P. for short, is still part of the Agricultural University. In 1918 a separate chair for 
plant breeding was established, by which act plant breeding was included as a new 
branch of science. The professor of plant breeding is also director of the I.v.P. 

In the regulations of the I.v.P. the breeding of new varieties was mentioned under its 
activities. Yet the workers have devoted their time more to information to breeders and 
farmers and to performing scientific research. As private persons began to pay more 
attention to plant breeding it has become the aim to help these breeders by giving them 
advice, breeding material and hybrid populations. Several varieties which have become 
widely distributed in the Netherlands were selected from material supplied by the 
v:P: 

My predecessor Prof. C. BROEKEMA, son of the afore-mentioned Prof. Dr. L. BROE- 
KEMA, has taken much trouble to give the farmers objective advice on varieties. He 
instituted the List of Varieties in 1924. First and foremost order had to be restored to 
the nomenclature and an end put to the use of synonyms. Rightly it was considered to 
be of the utmost importance for reliable trials and correct advice to introduce a variety 
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under one name only. The List of Varieties has been improved continuously and at the 
moment it is not only a reliable guide to the farmer and seedsman, but also to numerous 
other persons and institutions. It soon became the basis for crop inspection while also 
for the breeder it served as a source of valuable information. Since 1942 it has been 
compiled at an other institute which I will mention later. 

The present task of the I.v.P. can be presented as follows. 


„ Instruction to students. 

. Free scientific research. 

„ Information and help to breeders. 

. Cooperation with other institutions which are connected with the breeding of 
varieties. 

5. Maintenance of varieties bred at the I.v.P. 


A WN == 


In 1948 a new organization was founded which also performs research in the field of 
plant breeding. It was called Foundation for Agricultural Plant Breeding. However, for 
a clear understanding it is necessary to mention first some details on the development 
of plant breeding. 


In the course of years the number of breeding establishments in the Netherlands has 

gradually increased. The new establishments have been founded partly by agricultural 

„organizations, agricultural cooperations or united factories, partly by independent 
firms which are running a seed trade or a farm. 

In the case of the potato it can be established that, apart from some large breeding 
stations, many persons are raising new varieties as a hobby. Whereas about 1920 there 
were some 4 or 5 potato breeders who raised about 2,000 seedlings, to give a rough 
estimate, at present there are 240 in all, including large and small establishments and 
the annual number of seedlings produced can be estimated at some 400 to 500,000. 

There has also been a tendency at bigger establishments to work on a much larger 
scale and, in addition, many new aids have come into use such as glasshouses, small 
laboratories and all sorts of machines. At the same time it has become the custom to 
put university graduates in charge of breeding work. Many of them had their education 
at Wageningen and they sometimes even like to return to their Alma Mater. 


After the second world war all sorts of new problems arose. More than in former 
days attention was increasingly directed to information based on scientific research. 
There was also a growing demand for new material as a consequence of the fact that 
much attention was being paid to the breeding for resistance; some problems required 
an equipment and specialization which could not be paid by each separate breeding 
establishment. The I.v.P. as part of the Agricultural University could not comply with 
these demands and, moreover, any institute for higher education (University) will in- 
sist on retaining its freedom of scientific research. 

The result of these considerations was that in 1948 a new Institute was founded, viz. 
the Foundation for Agricultural Plant Breeding, to be shortened as S.V.P., which at first 
was housed in the I.v.P. building, but later had a new wing added to the old building. 
Both institutes are still headed by one Director, but in the near future they will be 
split up. 


J.C. DORST 


On its Board are representatives of science, plant breeding, agricultural organization 
and crop inspection. The aim is to tackle particularly those problems which demand a 
quick solution and which present difficulties to private breeders. The creation of new 
varieties is generally left to private breeders and only crops which are not included in 
the programmes of private breeders, are handled by the S.V.P. 

In recent years much initial material and hybrid populations have been placed at the 
disposal of breeders. The following examples can be given: 


Hybrid populations of flax with resistance to rust and scorch. 

Hybrid populations of winter wheat which have been tested for cold resistance 
several times. 

Hybrid populations of lupins with a rapid youth development, non-shattering 
pods and resistance to Fusarium and mildew. 

New combinations for double-cross maize hybrids. 

Tetraploid rye. 

Tetraploid fodder beet and sugar beet. 

Potatoes with resistance to Phytophthora and Heterodera rostochiensis and with 
favourable characters as concerns dry matter content and nature of the starch. 

Clones of perennial ryegrass and of cocksfoot. 

Hybrid populations of perennial ryegrass x Italian ryegrass. 


Furthermore the breeder can have his material tested for certain properties at the 
s.V.P: 

There is a close cooperation between I.v.P. and S.V.P. The S.V.P. has the disposal of 
a trial farm, the “Prof. Broekema Farm” in the North East Polder, equipped particu- 
larly for potato breeding. In recent years some 500,000 seeds and 60,000 first-year 
seedlings were distributed to private breeders. 

The S.V.P. does not exploit varieties which may be developed on its premises. It is 
financed mainly by the Government. Further substantial sums were received from 
other quarters while a small part of the money also comes from material distributed 
and from services rendered to breeders. 


The aspects of the present situation in plant breeding in the Netherlands would not 
be complete if the inspection of crops and the legal protection of the breeding work 
were not mentioned. 

Field inspection started in 1903; it has developed rapidly during and after the first 
world war. After the institution of the List of Varieties in 1924 the latter was adopted 
as a legal basis by the Inspection Service for the naming and description of varieties. 
For the breeders the inspection has been of the utmost importance, because in the case 
of seeds of self-fertilizing plants and rye use has always been made of the so-called 
original seed of the breeder. But on the other hand the purity and health of the appro- 
ved seed of the later grown crops were brought to such a level that these later gene- 
rations competed with the breeder’s original seed. Particularly in the case of potatoes 
it was a great advantage, as owing to the selection of many farmers and because of 
strict inspections the health of the approved seed potatoes became so favourable 
that no, or only very small quantities of seed potatoes were bought from the breeder. 
This induced the General Netherlands Inspection Service, N.A.K. for short, to pay 
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rewards to breeders of certain potato varieties on the basis of the acreage approved. 
This voluntary deed of the N.A.K. has been of the utmost importance because it 
recognized the fact that those who sell approved material of a variety also have to 
contribute to the remuneration of the breeder. At the same time a practical way was 
shown to collect the necessary funds. 


The Dutch breeders who had invested more and more money in their establishments 
continued to urge for a legal protection of their work in order to be able to claim a 
reasonable reward. 

In this connection they pointed to the rights which inventors can get via patents-act 
and trade marks and appealed to the high social importance of plant breeding. 

After some years of preparatory work “The Breeder’s Decree 1941” was instituted 
and it is still in force. 

Considering the purpose of my lecture I would now like to restrict myself to the 
following points. 


a. A variety can be entered into the Central Register of Varieties (C.R.R.). The effect 
is that the variety then is considered for the so-called breeder’s right. In the case of 
self-fertilizing agricultural crops and rye the breeder is granted the exclusive right to 
introduce “elite” and “original” seed. On the basis of the sealed quantity of seed he 
receives a royalty from the approved areas of later grown generations (which seed in 
this case can be freely commercialized). In the case of potatoes the breeder receives a 
reward on the basis of the approved area. 

b. Only varieties of particular agricultural value are placed on the List of Varieties. 
This measure is based on the fact that it is considered a matter of general interest 
for the farmer to have at his disposal the best varieties, no matter whether they 
are of Dutch or of foreign origin. 

c. For agricultural crops there is one recognized inspection service, viz. the N.A.K. 
Only varieties included in the List of Varieties of Field Crops are eligible for inspec- 
tion. In addition only seed of field crops and seed potatoes which have been approv- 
ed after field and bin inspection can be put on the market. For new varieties the 
breeder is given a certain freedom to introduce relatively small quantities in order to 
give him an opportunity to learn the judgment of the practice. It is carried out under 
the supervision of the N.A.K. 


The investigation in behalf of the Central Register of Varieties and for the List takes 
place at a government institute, viz. the Institute for Research on Varieties of Field 
Crops, I.V.R.O. for short. It has its own trial fields and also lays out trial fields in coo- 
peration with other institutions and Government Advisory Officers. The List of Varie- 
ties is compiled under the responsibility of a Government Commission consisting of 
three persons. It should be mentioned here that the registration of cross-fertilizers has 
presented great difficulties. 

If a variety has been included in the List the breeder has acquired the right to protect 
his variety from abuse and to receive a good reward if his variety is widely distributed 
and the remuneration for later grown generations is regulated on the basis of a reason- 
able tariff. For a breeder whose variety is not included in the List this regulation 
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involves that he cannot exploit his variety. The Government Commission has always 
taken the standpoint that a variety which after its trial appears to be able to improve 
the assortment should be given a chance and that ultimately it has to stand the crucial 
test in practice. Thus in the Netherlands there is an integration between the breeder, 
the List and inspection. 

Much could still be said on the legal protection of the breeder’s work. However, 1 
will restrict myself to the principles while at the same time I should like to stress that 
the above regulations are only valid for the autogamous agricultural crops, rye and 
potatoes. In the case of allogamous agricultural crops (excluding rye) the breeder has a 
monopoly for his variety as concerns the trade; also in this case it is necessary that the 
variety figures on the List. 


The Dutch breeders of agricultural crops are united in the Dutch Association of Plant 
Breeders. This association comprises several sections. The section Breeding Technique 
studies all sorts of breeding problems. It regularly organizes meetings at which, apart 
from the breeders, other interested persons are also invited. The other sections at the 
same time deal with commercial questions. The Dutch Association of Plant Breeders 
therefore looks after the material interest of the breeders and gives advice to the govern- 
mept and to other institutions. 

For some crops so-called working committees have been established, on which also 
specialists of L.v.P. and S.V.P. are represented. This can lead to an extensive exchange 
of problems and experiences. Valuable discoveries of science are soon becoming 
generally known and conversely research workers remain informed on the demands and 
problems of practice. 

The above-mentioned division of labour and the introduction of regulations which 
have also a great influence on business life have created a need for regular consultation 
and a good cooperation. These considerations gave rise to the foundation of the Cen- 
tral Association for the Improvement and Supply of Propagating Material of Field Crops 
(in Dutch colloquially named Centraal Orgaan). Its task is coordinative, advisory and 
intermediary. 

Mention should be made also of the Commission for the Advancement of Potato 
Breeding (C.O.A.), whose task is evident from its name, and of the Institute for Phyto- . 
pathological Research which through resistance trials and the distribution of inocula- 
tion material can help research workers and breeders. Control on the resistance to wart 
disease and resistance to potato sickness is carried out by the Plant Protection Service 
(P.D.). The breeder can have his seedlings tested already in an early stage. The Nether- 
lands Grain Centre has compiled a working programme which also mentions some 
breeding problems. Furthermore there is consultation with various laboratories of the 
Agricultural University and autonomous institutes on certain subjects. 


L will also draw attention to the Study Circle of Plant Breeding. This is an associa- 
tion of scientific workers in the field of the breeding of agricultural, horticultural and 
sylvicultural crops. Yearly some meetings are held in order to discuss new problems 
which are considered to be important for plant breeding. It is preferred that lecturers 
speak about their own research. 

The discussions at the meetings of the Study Circle made the need felt for a periodical 
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to publish results of research and to give information on important discoveries in the 
field of plant breeding or related sciences. 

In 1952 the journal Euphytica was founded. The periodical has now 755 subscribers 
and has its readers all over the world. It appears that many articles which were former- 
ly published in periodicals of a different nature are now sent to Euphytica. In conse- 
quence they reach the private and scientific breeders more efficiently. Anybody reading 
Euphytica knows that also articles by research workers of foreign countries are in- 
cluded. 


In my lecture 1 have purposely left various scientific problems out of consideration. 
Prospective visitors to the I.v.P., S.V.P., Prof. Broekema-farm and other institutions 
will be in a position to learn about it in more detail. 

In summarizing 1 would like to draw your attention to the following points. 


1. The Dutch Government has always shown a great interest in plant breeding and the 
problems of varieties of field crops. 

2. The creation of new varieties is entirely in the hands of private breeders. 

3. It is attempted to support the breeders by means of scientific research, information, 
supply with material and legal protection. 

4. The government is of the opinion that certain demands should be made in regard to 
the value of varieties as well as with respect to the quality of seed and seed potatoes 
so that the soil used to good advantage and good quality can also be guaranteed for 
export. 

5. There is a close cooperation between science and practice and between the scientific 
workers mutually. 

6. The aim is to provide good information on the varieties available and to distribute 
new valuable varieties rapidly. 


The development and the organization of plant breeding will be different in other 
countries, dependent on the conditions prevailing there. Yet 1 hope that in my report 
some elements have been mentioned which for many of you are worthy of consider- 
ation. 


SUMMARY 


In 1886 L. BROEKEMA performed the first wheat cross between the varieties Square- 
head and Zeeuwse Witte. The Spijk wheat resulting from this cross was backcrossed to 
Squarehead. From this hybrid population some lines were mixed which were intro- 
duced under the name of Wilhelmina wheat. 

The great success of the Wilhelmina wheat has roused the interest of the Govern- 
ment. The results achieved by MANSHOLT, VEENHUIZEN and K UHN have also contributed 
to this interest. 

A survey is given of the activities which have led to the foundation © B eme A A 
and I.V.R.O. and of the institution of the Breeder’s Decree 1941. 

The Breeder’s Decree became a basis for the Central Register of Varieties, the List of 
Varieties and the N.A.K. (General Netherlands Inspection Service for Seeds of Field 
Crops and for Seed Potatoes). 


J.C. DORST 


Attention is drawn to the working groups of the Dutch Association of Plant 
Breeders and to the Study Circle of Plant Breeding. 

There was a need for a periodical in order to publish results of research in the field of 
plant breeding and to give information on important discoveries. Euphytica was 
founded in 1952. 


SAMENVATTING 
Ontwikkeling en organisatie van de veredeling van landbouwgewassen in Nederland 


In 1886 verrichtte L. BROEKEMA de tarwekruising Squarehead x Zeeuwse Witte. De 
hieruit voortgekomen Spijk tarwe werd teruggekruist met de Squarehead. Uit deze 
kruisingspopulatie werden enige lijnen gemengd, die onder de naam Wilhelmina tarwe 
in de handel kwamen. 

Het grote succes van de Wilhelmina tarwe heeft de belangstelling van de overheid 
gewekt. Ook de door MANSHOLT, VEENHUIZEN en KUHN bereikte resultaten hebben tot 
die belangstelling bijgedragen. 

Een overzicht wordt gegeven van de totstandkoming van L.v.P., S.V.P. en 1.V.R.O. 
en van het in werking treden van het Kwekersbesluit 1941. 

Door het Kwekersbesluit werd een wettelijke basis gelegd voor het Centraal Rassen- 
register, de rassenlijst en de N.A.K. 

De aandacht wordt gevestigd op de werkgroepen van de Nederlandse Kwekersbond 
en op de Studiekring voor Plantenveredeling. 

Er ontstond behoefte aan een vaktijdschrift om de resultaten van het veredelings- 
onderzoek te publiceren en de aandacht te kunnen vestigen op belangrijke vorderingen. 
Euphytica kwam in 1952 tot stand. 
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IN THE NETHERLANDS 


O. BANGA 
Institute of Horticultural Plant Breeding, Wageningen, Netherlands 
Received 27 Nov. 1956 


PROFESSIONAL BACKGROUND 


Plant breeding has always had a very close connection with the growing of plants. 
To be successful a variety must be adapted to the cultural methods used and to the 
natural conditions under which they are being practised. 

In the horticultural field this connection between breeding and culture is all the more 
important because the cultural methods are so much more specialized and based on 
the individual treatment of plants than in the agronomic sphere, and because the 
satisfaction a variety gives is based on a more complicated pattern of characters. 

Therefore, it is not surprising that the empirical skill and experience of growers has 
for a long time been the safest guide in horticultural plant breeding, and that, origi- 
nally, successful new varieties were produced mostly in horticultural centres by grow- 
ers or by plant breeders closely associated with them. 

From the 16th century horticulture developed relatively early and rapidly in the 
Netherlands. In the vegetable and ornamental growing areas a great number of highly 
improved varieties were produced. Fruit breeding also was practised. Individual nur- 
serymen and fruitgrowers sometimes found new varieties, but societies of professional 
growers or of amateurs also took part in the production and selection of new seedlings. 

This is the professional background of horticultural plant breeding in the Nether- 
lands, and, I think, in most other countries. 


INCORPORATION OF SCIENCE 


Now, in the last ten or twenty years, we have been living in a kind of accelerated 
phase of evolution, caused by the effort to incorporate science in horticultural plant 
breeding. Empirical experience of growers is still the most important guide to what is 
required in a variety, but the importance of analytical research methods is increasing. 

I might sketch the present situation as follows. 


Vegetables 


In the growing centres many important basic types have been developed. In the past 
a number of successful breeders among growers have become seed merchants operating 
a seed trade and selection company. Their main business used to be selection for 
maintenance and seed distribution, but there are also examples of purposeful breeding 
of new varieties that gave new opportunities to the vegetable growing industry. I might 
mention the Long Standing Bloomsdale spinach of A. R. ZWAAN & Sons, which con- 
siderably extended spinach growing in the southern states of the U.S.A, and their 
pithiness-resistant Cherry-Belle radish, which is being used all over the world now as a 
radish variety that can be shipped over long distances without becoming pithy. 1 could 
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mention other companies as well, for hardly any have completely lost the enthusiasm 
of their founders to raise new forms. 

At present these establishments tend to make increasing investment in their breeding 
departments. They are in the process of incorporating more scientific apparatus and 
more scientifically trained men in their work. And, gradually, they are turning more 
or less from the old-style selection-companies into scientifically controlled breeding 
establishments. But the seed trade must proceed cautiously. Many problems arise 
from the fact that growers’ empirical experience cannot yet fully be replaced by science, 
from the fact that a vegetable breeder still has so many small crops to look after, and 
from the fact that the sale of vegetable seeds has very restricted possibilities. However, 
the seed companies still wish to play their part in the development of new varieties, and 
in general, they wish to do this with the government institutions providing a back- 
ground of fundamental research. 


Fruit crops 


Only in the small-fruit crops, like currants and strawberries, are there some commer- 
cial private breeders. In the large-fruit crops there may be some amateur private breed- 
ers, but for a commercial concern it is generally considered that serious breeding 
work is too costly in relation to the profit that seems possible. The breeding of new 
varieties of fruit is therefore considered a regular task for our Institute of Horticultural 
Plant Breeding. Other organizations of the Ministry of Agriculture also take part in it. 


Ornamentals 


The breeding of ornamentals is almost completely in the hands of the private com- 
panies. For the breeding research and the fundamental breeding work of the Boskoop 
ornamentals in close cooperation with growers, a research-worker of the Institute of 
Horticultural Plant Breeding has been stationed at the local experimental station at 
Boskoop. 

For the breeding research of the other ornamentals there is a research-worker at our 
Institute at Wageningen. Most problems are in the field of flower biology (morphology 
and cytology of flowers and physiology of sexual reproduction). 


SCIENTIFIC BACKGROUND 


To effect the breeding work in horticultural plants, the government has founded a 
number of research institutions. The Institute of Horticultural Plant Breeding at 
Wageningen is the central Institute. It may station research-workers at local experi- 
mental stations. At the Institute for Phytopathological Research at Wageningen a 
department of disease resistance has been established. 

Furthermore, teaching or extension institutions may take part in the work. 

[ have said that the growers’ experience cannot yet fully be replaced by science. We 
still lack a lot of systematic knowledge in this respect. Therefore, one of the main pro- 
jects in the research programme of the Institute of Horticultural Plant Breeding is the 
analysis of the cultural value of plants. In our phytotron we study not only the equili- 
brium between the vegetative and the generative development of plants, but also the 
controlling factors in the equilibrium between different vegetative phases or between 
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different generative phases. In combination with field tests and chemical investigations 
this work is very promising. 

Of course, the work of the resistance department of the Institute for Phytopatholo- 
‚gical Research is also of the utmost importance for the improvement of the cultural 
value of plants. 

A second large-scale project, or group of projects, lies in the field of flower biology, 
or sexual reproduction. In general a better control of the crossings between plants that 
are difficult in this respect is aimed at. Morphological, cytological and physiological 
investigations are involved. 

Furthermore, there are projects on better control of the periodicity of the plants, on 
breeding methods, asexual reproduction, etc. 

And the basis of all is a systematic study of the varieties and the initial material. 

All this work is being done to provide fundamental knowledge. 

Another important problem for commercial breeders is how to make their invest- 
ments profitable. 

One answer might be to find a way how to monopolize the results of breeding work. 
This can be realized in two ways: on the basis of a law, or by breeding hybrid varieties. 

It is legally possible to obtain a kind of plant patent on a new variety in the Nether- 
lands, but only for identifiable units. 

Breeding hybrid varieties, in particular of heterogamous plants, may provide a 
monopoly, but only as long as the components of the hybrid variety are kept a secret. 
Therefore, the breeder should not be obliged to send in the components of his hybrid 
variety separately before he can get permission to introduce his hybrid variety, as is 
compulsory in some countries. 


SUMMARY 


Since the 16th century horticulture developed relatively early and rapidly in the 
Netherlands, and in the growing centres of vegetables and ornamentals a great number 
of highly improved varieties were produced by professional growers. A number of new 
fruit varieties was raised by professional men or by amateurs. 

During the last ten or twenty years science is being incorporated more and more 
into horticultural plant breeding. In ornamentals and vegetables this takes the form of 
cooperation between professional breeders and scientific institutions, in fruit the breed- 
ing work is mainly done by institutions. 


SAMENVATTING 


Veredeling van Tuinbouwgewassen in Nederland 


Sinds de 16e eeuw heeft in Nederland een betrekkelijk vroege en snelle ontwikkeling 
van de tuinbouw plaats gevonden. In de teeltcentra van groente- en siergewassen is 
door vakmensen een groot aantal sterk verbeterde rassen gekweekt. Een aantal nieuwe 
rassen van fruitgewassen werd gewonnen door vakmensen of door amateurs. 

Gedurende de laatste tien of twintig jaar begint de wetenschap in het veredelings- 
werk een steeds grotere rol te spelen. Bij siergewassen en groente neemt dit de vorm aan 
van een samenwerking van vak-kwekers en onderzoekinstituten, bij fruit gaat het ver- 
edelingswerk overwegend bij instituten berusten. 
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THE DEVELOPMENT AND ORGANIZATION 
OF FOREST TREE IMPROVEMENT IN THE NETHERLANDS 


H. VAN VLOTEN 
Forest Research Station T.N.O., Wageningen 
Received 25 Oct. 1956 


Improvement of forest trees by selection within the most important species and by 
planned interspecific hybridization (such as with Larix-species) began in the Nether- 
lands only after the Second World War. 

The Forest Research Station T.N.O. (of the National Council for Applied Scientific 
Research in the Netherlands), at Wageningen, from its foundation in 1947, has given 
prominence to selection and breeding as a major project in its program. Professor 
HOUTZAGERS has laid similar emphasis on breeding in the Institute of Forestry at 
Wageningen, since his appointment in 1948 as director of the Division of Silviculture. 
In his inaugural lecture entitled “Forest Research” he paid particular attention to the 
breeding of forest trees. 

This start has been stimulated and strongly favoured by the brilliant work and pro- 
gress in the field of forest tree breeding especially in Scandinavian countries — Denmark 
with SYRACH LARSEN in Hersholm, Sweden with Niers SYLVEN and JOHNSSON in 
Ekebo and with GUSTAFSSON at the Genetics Department of the Forest Research Insti- 
tute in Stockholm. Its delay does not mean, however, that nothing has been done in the 
Netherlands previously. IT would like to mention the breeding of elm trees resistant to 
the notorious elm disease, already begun some decades ago under the guidance of 
HONING and WESTERDIJK in Wageningen and Baarn respectively, and now being con- 
tinued under KERLING at the Phytopathological Institute “Willie Commelin Scholten’ 
at Baarn. 

In this connection mention should also be made of an other more practical develop- 
ment which can be considered a preliminary stage of the breeding work itself, viz. the 


FIG. 1. FOREST RESEARCH STATION T‚N.O. 
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foundation of an Association of Seed Extraction Kilns and Forest Tree Nurseries in 
order to guarantee the provenance of seed and plants of Scots pine (Vereniging Waar- 
borg Herkomst Groveden, W.H.G.) on a voluntary basis in 1926. Purchasers have 
since been guaranteed that undesirable failures in growth due to wrong provenance, 
are avoided. Contrary to agricultural crops, this is only evident in forest plantations 
after 10, 15 and more years. This Association set up after preliminary activities of the 
Nederlandsche Heidemaatschappij (Netherlands Land Development and Reclamation 
Society), still exists and has extended its activities this year to “Normal” seed of both 
conifers and broadleaved trees. Until recently the control was executed by an impartial 
district officer of the State Forest Service, but recently the Netherlands General In- 
spection Service for Arboriculture (N.A.K.B.) took charge. The president and vice- 
president of the W.H.G. board are nominated by the Minister of Agriculture. 


Another example, of international importance, is poplar research. The fundamental 
work by HOUTZAGERS while on the staff of the “Ned. Heidemij’”’ at the time, has re- 
duced chaos to order by the identification and naming of the varieties and forms of 
poplar (1). Hence it has been possible to collect authentic material of important forms, 
varieties and species of poplar in a central nursery of the “Ned. Heidemij” and to 
establish stoolbeds for production of approved original material. 

At the same time a selection has been started regarding vigour of growth, habit of 
growth and resistance to bacterial canker. Research on bacterial canker at the above 
mentioned Laboratory “Willie Commelin Scholten’ was made possible by financial 
aid from the “Heidemij”. In this way care was taken that only the best and particu- 
larly only canker-resistant poplars are grown. In addition, at the request of the “Heide- 
mij”, crosses were already made during the last World War, with a view to producing 
new hybrids with higher production and resistance to canker. The crosses have been 
made at the Laboratory of Genetics of the Agricultural University at Wageningen, 
where also the plants have been raised. 


Fia. 2. PROF. DR. G. HOUTZAGERS 
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The N.A.K.B. is charged with the inspection of poplars which have been included in 
a Descriptive List of Varieties, compiled by HOUTZAGERS. The first issue appeared in 
1938; a second edition including also willows and elm trees, appeared in 1947. 


The above-mentioned institutes, the Division of Silviculture of the Institute of 
Forestry of the Agricultural University and the Forest Research Station T.N.O. have 
joined in a working group together with the “Ned. Heidemij” and the State Forest 
Service, to make an inventory of plus-stands and plus-trees of Scots pine which species 
still covers the greater part (some 150,000 ha) of the forest area in the Netherlands. 
According to certain criteria first class stands totalling 40 ha and second class stands 
comprising 100 ha have been approved for collection of “Selected” seed (2). When the 
production of cones is satisfactory they are being picked from the trees of these stands 
and the seed obtained is placed at the disposal of forest tree nurseries at an appropriate 
higher price. Harvesting of the seed and raising and supply of plants are under the con- 
trol of the N.A.K.B. In addition some 60 plus-trees have been selected. They are mul- 
tiplied by grafting to clones to test the parents vegetatively and to combine them in 
seed orchards in which also controlled crosses will be made in order to assess their 
breeding value by progeny-tests. 


The development of forest tree breeding has resulted in the formation of a central 
body. In 1952 all interested parties and persons were united in a “Foundation for the 
Improvement of Forest Tree Crops’’. This was called together by the Minister of 
Agriculture who also nominates the president. The species concerned are not only 
forest trees but also road-side trees. The aims of the Foundation will be achieved by: 


1. Promoting and coordinating: 


a. research in the field of forest tree breeding; 

b. the breeding of new varieties, the selection of plus-trees and approval of forest 
stands of high quality; 

c. collection of seed and other propagating material from trees or stands which the 
Foundation has approved as high quality material; 

d. distribution of materials as mentioned under b. and c. and also of imported 
material to seed kiln owners and forest tree nurseries; 

e. support and advising of forest tree nurseries and other users in regard to the 
treatment of the products of breeding; 


2. All other aids which can further the aims and which in the opinion of the Minister 
are not yet the responsibility of other Institutes. 


Besides the two scientific Institutes mentioned, the following organizations are re- 
presented on the Board: — the Institute of Horticultural Plant Breeding (L.V.T.), the 
State Forest Service, the “Ned. Heidemij’, the “Bosschap” or Board of Forestry 
(which is the statutory trade organization of forestry both employers and employees), 
the Netherlands Forestry Society, the Netherlands Society of Forest Owners, the 
N.A.K.B., the Association for the Guarantee of the Provenance of Scots pine (W.H.G.), 
the tree nurseries division of the statutory trade organization of agriculture (“Land- 
bouwschap’”). 
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It is understandable that the above mentioned working group for the selection of 
Scots pine has been incorporated in the new foundation. 

The Foundation has also its own activities, the most important being the laying out 
of seed orchards of various species. This activity connects practice and research and is 
carried out under the guidance of a technical director. In addition the foundation has 
some personnel and a nursery. 

The central nursery for the original material of poplars, run formerly by the “Ned. 
Heidemij”, has been transferred to the foundation. 

The cooperation with the N.A.K.B. can be best illustrated by quoting the latest 
prescriptions of the N.A.K.B. for conifers given in 1954: “Only material indicated by 
the foundation is considered for inspection by the N.A.K.” 


We hope that the organization described above will contribute to the development 
of forestry and to the increase of its production. This is also the expectation of practi- 
cal forestry who are showing their keen interest by giving financial support to the 
Foundation. 

SAMENVATTING 


De veredeling van bosbomen in Nederland 


De veredeling van bomen voor de bosbouw in Nederland is eerst na de tweede 
wereldoorlog op grote schaal aangevat: het Bosbouwproefstation T.N.O., opgericht in 
1947, en de Afdeling Houtteelt van het Instituut voor Bosbouwkundig Onderzoek van de 
Landbouwhogeschool hebben thans veredelingsproblemen als hoofdpunten op hun 
werkprogramma geplaatst. 

Als voorlopers van de veredeling van voor de bosbouw belangrijke soorten worden 
vermeld de selectie van iepen, die resistent zijn tegen de beruchte iepenziekte, en de be- 
moeiingen van de Vereniging “Waarborg Herkomst Grovedennenzaad” (W.H.G.). 
Verder behoort hiertoe het werk van HOUTZAGERS onder auspiciën van de Ned. Heide- 
mij. Door het fundamentele onderzoek omtrent de vele populierenvormen door 
HOUTZAGERS werd het mogelijk, authentiek materiaal daarvan aan te planten voor de 
“produktie van origineel stekhout. Er werd een Rassenlijst voor populieren uitgegeven 
(1938), op grond waarvan de N.A.K.B. ook populieren keurt. In deze lijst worden al- 
leen populieren opgenomen die zijn getoetst op hun resistentie tegen bacterie-kanker. In 
de tweede druk (1947) zijn ook wilgen en iepen opgenomen. 

Een werkgroep van het Bosbouwproefstation, het Instituut voor Bosbouwkundig 
Onderzoek, de Ned. Heidemij en het Staatsbosbeheer heeft plus-opstanden en plus- 
bomen van de groveden geïnventariseerd. Het zaad van deze plus-opstanden komt — 
onder de controle van de N.A.K.B. — reeds ter beschikking van de praktijk. 

In 1952 is een centraal orgaan voor de bosbouw ingesteld, nl. de Stichting ter Ver- 
betering van Voortkwekingsmateriaal van Houtopstanden, die in de eerste plaats een 
stimulerende en coördinerende taak heeft, doch daarnaast zelf werkzaam is als schakel 
tussen onderzoek en praktijk. 
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INTRODUCTION 


Among the wheat crossings carried out at the Institute of Agricultural Plant Breed- 
ing, Wageningen, for the examination of reciprocal hybrid offspring seven F‚’s 
occurred which were uniformly semi-lethal. 

The hereditary basis of this phenomenon was studied. 


THE PARENTS 


Semi-lethality occurred in the following crosses: 

1. Koga H 11 (the double cross indicates that reciprocal crossing was carried out), 
Koga X Heine’s 476 and Koga % Heine’s VII, all made in 1954. 

2. Koga % Mendel, Eskischir % Spelt line 10 and Eskischir $ Heine’s VII, all made in 
1955, and the cross Plantahof x Mus XI1/8/222 of which the reciprocal cross is 
lacking. The latter cross alone did not produce F,-seed. 


THE SEMI-LETHAL F‚'S 


_ The F‚-seed was normal. It emerged normally and developed normally at first. How- 
ever, from the stage just prior to earing a progressive withering of the F‚-plants oc- 
curred, beginning in the oldest tissue (the tips) of the first leaf. The stems were the last 
to wither. 

The semi-lethal plants were dead before their simultaneously sown parents were ripe. 
The root system was less extensive than that of the parents, it is true, but not necrotic. 
If ears were produced they appeared later and ripened sooner than those of the parents. 
Such ears were small and entirely or partly sterile. The kernels, if any, were premature. 

The F‚-plants of a given cross are uniformly semi-lethal, but the degree of semi- 
lethality is dependent on the nature of the cross. This appears from figure 1 (B, C and D) 
in which the midparent value P (— 100) for seven characters is compared with the 
mean value of the corresponding reciprocal F‚’s. The combination A (Koga and 
Minister) was not semi-lethal but has been included for comparison. 

Figure 2 gives an idea of the number of kernels per ear and the kernel size of the 
four reciprocal F‚’s and their parents mentioned before. Each lot represents the ave- 
rage number of kernels of two ears. The order from left to right is: parent X (—= Koga), 
cross X X Y,ecross Y Xx X and parent Y (—= Minister, Heine’s VII, Heine’s 476 en H 
11, respectively). 

Both figures 1 and 2 show that the degree of semi-lethality is dependent on the variety 
with which the common parent, i.e. Koga, has been crossed. 

The same appears from the two crosses of 1955 with Eskischir as common parent, 
viz. Eskischir X Heine’s VII and Eskischir x Spelt line 10 (see the upper part of Fig. 3). 
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Tillering on Tillering on Number of 
294 d 106 stems 
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Fie. 1. MIDPARENT VALUE P (= 100) COMPARED WITH THE AVERAGE OF THE RECIPROCAL F‚’S KOGA % 
H 11 (B), KOGA % HEINE'S 476 (C), KOGA } HEINE'S VII (D) AND KOGA } MINISTER (A). 


Attention is also drawn to the figures 4 and 5, in which, apart from one plant of 
each of the parents, two F‚-plants of both reciprocal crosses have been presented. 

The reciprocal combinations of Koga and Mendel (see Fig. 6) exhibited about the 
same degree of semi-lethality as that between Koga and Heine’s 476 (cf. figures 2 and 
3, third horizontal row). 

The highest degree of semi-lethality was found in the combination Plantahof x 
Mus. The young F‚-plants tillered heavily and were reminiscent of small grass clumps. 
The withering and the only wheat-earlet that was formed proved the hybrid nature of 
the plants. In figure 7, three F‚-plants are presented between one plant of each of the 
two parents. The earlet is shown at the foot of figure 3 between two ears of Plantahof 
and of Mus. 
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MENDEL 


Fig. 3 

FIG. 2. AVERAGE KERNEL YIELD OF TWO EARS OF THE RECIPROCAL CROSSES A, D, C AND B AND THEIR 
PARENTS 

FIG. 3. AVERAGE KERNEL YIELD OF TWO EARS OF THE RECIPROCAL CROSSES HEINE’S VII 2 ESKISCHIR, 


SPELT de ESKISCHIR AND KOGA Es MENDEL AND THEIR PARENTS. OF PLANTAHOF AND MUS AND 
THEIR F, ONLY EARS ARE PRESENTED BECAUSE Fs-SEED WAS LACKING. 


THE SEMI-LETHAL F‚'S 


The F,-plants emerged normally and within a family the early stages of development 
were fairly even. The robustness of the young F‚-plants was dependent on the 1000- 
kernel weight of the F-seed as could be expected. For instance the young F-plants of 
H 11 $ Koga (1000-kernel weight 11.6) were much smaller than the F,-plants of Heine’s 
VII Koga (1000-kernel weight 27.8) and these in their turn clearly smaller than those 
of Minister x Koga (1000-kernel weight 57.0). In the stage prior to earing the F‚-plants 
began to show symptoms of withering which increased in the following weeks though 
to different degrees in the various plants of an F,-family so shat finally almost all 
transitional stages from nearly normal to nearly lethal could be found within a family 
(Fig. 8). So far no attention had been paid to a possible relation between the beginning 
of withering symptoms and the final degree of semi-lethality. But we did establish a 
statistically reliable 9 :7 segregation in semi-lethal and normal plants which indicates 
that semi-lethality is determined by the occurrence of two dominant genes in combina- 
ton. 
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Fis. 4 AND 5. TWO PLANTS OF EACH OF THE TWO RECIPROCAL CROSSES FLANKED BY ONE PLANT OF 
THEIR PARENTS. LEFT: HEINE'S VII AND ESKISCHIR; RIGHT : SPELT AND ESKISCHIR. 


PLANTAHOF 


FIG. 6. ONE PLANT OF EACH OF THE TWO RECIPROCAL CROSSES, FLANKED BY ONE PLANT OF THEIR 
PARENTS MENDEL AND KOGA. 

Fig. 7. THREE F,-PLANTS FLANKED BY THF VARIETIES PLANTAHOF AND MUS, 
FROM LEFT BEARS THE ONLY EAR (cf. Fig. 3). 


THE THIRD F‚-PLANT 
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Fia. 8. F,-PLANTS OF THE CROSS HEINE'S VII X KOGA. THE LARGEST PLANT IS A NORMAL ONE, THE 
OTHERS ARE SPECIMENS OF SEMI-LETHAL F2-PLANTS. CORRESPONDING F‚-PLANTS ARE APPROXIMA- 
TELY SIMILAR TO THE THIRD PLANT FROM THE LEFT. 


DISCUSSION 


Two factors, viz. the uniform semi-lethal F‚’s and the 9 : 7 segregation in all Fos 
examined, lead to the conclusion that semi-lethality is dominant over normal and is 
determined by two complementary genes. However, two other data, viz. the variation 
in the degree of semi-lethality in different F‚’s with one common parent (Figs 1 and 2) 
and the high degree of variation within one F, in all the crosses investigated (Fig. 8) 
require further explanation. 

The following hypothesis seems satisfactory: Certain genes (“modifying genes’) 
which differ in the varieties used and which segregate in the F, in different combinations 
influence the effect of the two complementary genes. 


a. The complementary genes 


On the basis of the results of our crosses we have made the following provisional 
classification (Table 1), according to the genotype of semi-lethality: 


TABLE 1. PROVISIONAL CLASSIFICATION OF SOME VARIETIES ACCORDING TO THE GENOTYPE OF SEMI- 


LETHALITY 
Group | L u | HI 
Genotype AAbb | aaBB | aabb 
Koga | Hil Trit. spelta rescescens 
Eskischir Heine’s VII Sukkula 
Mus Heine’s 476 Aegyptischer 
Mendel Carsten’s VI 
Spelt line 10 Werla 
Plantahof |__Míinister 
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Only crossing of varieties from group 1 with varieties from group 11 gives semi-lethal 
F‚’s. Group IÌI comprises the varieties which do not produce semi-lethality either with 
the varieties from group I or with those of group IL. All the results obtained so far were 
in accordance with this classification. However, it is likely that future results will ne- 
cessitate re-classification and the addition of new groups. 

KOSTYUCHENKO (2) who found that Prélude and some other varieties produce semi- 
lethal F‚’s after crossing with Novinka (genotype LLtt) as well as with Yeoman II 
(genotype ITT) explained this with the aid of multiple alleles. 

In the literature further cases of semi-lethality in wheat are mentioned. For instance 
CALDWELL and COMPTON (1) found some hybrids of the Plantahof x Mus type (Fig. 
7) and they demonstrated by way of a three-way cross that two complementary genes 
were involved. Also SACHs (5) came to this conclusion although he worked with quite 
different varieties and species. The lethality found by Wiese (6) after crossing two bar- 
ley varieties also appeared to be due to two complementary genes. MCMILLAN (3) who 
in 1936 described a somewhat different form of semi-lethality in wheat (which he called 
“firing’”’) found that the combined effect of three dominant genes was necessary to 
bring about the “firing’”” phenotype. 


b. The modifying genes 

That the degree of semi-lethality of different F‚’s and of the semi-lethal plants within 
one F‚ can vary greatly, was stated earlier by some research workers (2, 3, 5). We would 
add the following arguments to the foregoing explanation of this variability due to 
modifying genes. 

1. Only the modifying genes occurring in the F, in a heterozygous condition can 
directly determine the variability mentioned. Consequently the degree of variability 
within the category of withered F,-plants would give an idea of the number of modi- 
fying genes occurring in the F, ín a heterozygous condition and therefore also of the 
number of modifying genes in which Koga and its partner differ. The modifying genes 
occurring in the F, in a homozygous condition can only indirectly influence the varia- 
bility, but they do determine the degree of semi-lethality in a direct way. 

2. Modifying genes intensifying the degree of semi-lethality are called dominant, 
modifying genes with an opposite effect are called: recessive. 

The total effect of modifying dominant genes is designated by D, that of the modi- 
fying recessive genes by R. Assuming that these dominant and recessive genes have an 
independent effect, we may argue as follows: If D — R, then the plants of the AB- 
genotype show the pure effect of the genes A and B for the prevailing environment. If 
D is higher or lower than R then the modifying genes intensify or weaken the effect of 
the genes A and B respectively. It can be imagined that D is higher than R to such a 
degree that lethality is the result. Reversely if R >> D the modifying genes would be 
able to prevent the penetrance of A and B, so that the AB-plant would then be pheno- 
typically normal. In our F‚’s we indeed found several plants consisting of one frail 
withering stem while in other plants of these F’s it could not be established with cer- 
tainty whether they were semi-lethal or normal. The F3 only can give evidence in this 
case. MCMILLAN (3) also reports the occurrence of plants in his F‚'s which did not 
wither until after earing so that they could be distinguished from normally ripening 
plants only with difficulty. 
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3. If semi-lethality occurs not until the F‚ (so not in the F‚) then it is possible that 
there is suppression of the penetrance of A and B in the F,. 

4, Breeding to homozygosity as a consequence of continuous self-pollination may, 
on the strength of the foregoing theory, produce the following types: 

Normal true-breeding lines, 

Seemingly normal true-breeding lines of the AB-type, 

Semi-lethal true breeding lines, with different degrees of semi-lethality (different 
D/R-ratios). 

As concerns the seemingly-normal lines the question remains whether the effect of 
A and B is entirely suppressed or whether the presence of A and B marks such lines as 
unpromising. 

5. Finally we would remark that the assumption of modifying genes is not strictly 
necessary since the variability within the group of F‚’s and within every F, can also be 
explained by interaction of the genes A and B with some other major genes of the 
genome. 


SPECIES BARRIER. SEMI-LETHALITY AND RELATIONSHIP 


With a view to the lethal combinations which may result, the complementary genes 
discussed above will sometimes act as a species barrier. We refer to SACHSs (5) for this 
phenomenon. 

There is also a possibility of discovering or confirming a relationship, if any, between 
species or varieties (see CALDWELL and COMPTON, 1) and also of finding affirmation for 
the evolution of a certain species from other species or genera (see Roy, 4; SACHS, 5). 


SEMI-LETHALITY AND SELECTION 


The rejection of semi-lethal F‚’s which is sometimes done by breeders, seems prema- 
ture in view of the above. For some 44 % of the F‚-plants are completely normal and 
produce true breeding normal populations while the semi-lethal F,-plants, in as far as 
they produce seed, will in general give 25 or 44 % true breeding normal plants in the 
following generation. 


SUMMARY 


Seven of the wheat crosses which were performed in 1954 and 1955 produced a uni- 
form semi-lethal F‚. Among these were four combinations with the spring wheat Koga 
and two with the Turkish winter wheat Eskischir. The degree of withering in the F, 
appeared to be dependent on the variety with which Koga or Eskischir were combined. 
In the F, of the Koga crosses carried out in 1954 a 9 : 7 ratio of semi-lethals and nor- 
mal plants was found. The almost continuous gradation in semi-lethality within the 
group of semi-lethal plants of every F, was conspicuous. 

The facts are explained as follows: Two complementary genes determine the semi- 
lethality as such, while “modifying genes” are responsible for the different degrees of 
semi-lethality of the different F‚'s and for the variation in degree of semi-lethality 
within every F.. In the discussion this explanation is given in detail. 
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It is pointed out that it is perhaps possible, with the aid of the phenomenon of semi- 
lethality, to discover or confirm relationships between species and/or varieties. 

Finally it is suggested that the rejection of F‚’s with withering symptoms is prema- 
ture. 


SAMENVATTING 


Semi-lethaliteit in kruisings-nakomelingschappen van tarwe 


Zeven van de door ons in 1954 en 1955 verrichte tarwekruisingen leverden een uni- 
forme semi-lethale F,. Hierbij waren vier combinaties met het zomertarweras Koga en 
twee met het Turkse wintertarweras Eskischir. De graad van verdorring in de F, bleek 
afhankelijk van het ras, waarmee Koga resp. Eskischir werden gecombineerd. Bij de in 
1954 verrichte Koga-kruisingen werd in de F, een 9 : 7 verhouding van semi-lethale en 
normale planten gevonden. Opvallend was de bijna continue gradatie in semi-lethali- 
teit binnen de groep der semi-lethale planten van elke F.. 

Deze feiten worden als volgt verklaard: Twee complementaire factoren bepalen de 
semi-lethaliteit als zodanig, terwijl “modifying genes” verantwoordelijk zijn voor de 
verschillende graden van semi-lethaliteit van de verschillende F‚’s en voor de variatie 
in graad van semi-lethaliteit binnen elke F.. 

Vervolgens wordt de aandacht gevestigd op de mogelijkheid om.met behulp.van 
het verschijnsel der semi-lethaliteit, verwantschap tussen species en/of rassen te ont- 
dekken of te bevestigen. 

Tenslotte wordt het verwijderen van de F‚’s met de besproken afstervings- of ver- 
dorringsverschijnselen voorbarig genoemd. 
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INTRODUCTION 


Many papers have already been published on experiences with tomato hybrids. 
Most of these papers describe the results obtained with outdoor hybrids. A much smal- 
ler number of them relate to glasshouse hybrids (4, 5, 6, 7 and 9). 

In the literature one or more of the following advantages of hybrids over normal 
commercial varieties are mentioned: 


a. stronger vegetative development, 
b. higher yielding capacity, 
c. higher early yield. 


Production of F‚ seed on a commercial scale is possible because the crosses can be 
easily carried out and much seed is produced per cross. Moreover good breeder’s 
protection is obtained by keeping the parents secret. Since 1942 the Dutch seed grower 
-J. BRUINSMA, Naaldwijk, has been successfully producing tomato hybrids. Among 
these hybrids, which are also grown outside the Netherlands, are Single Cross, Unic, 
Gouden Ster (Star), Export Wonder and Syston Cross. 

In other countries, too, hybrid tomato seed is produced commercially, e.g. in Eng- 
land, Sweden, U.S.A, Canada, Bulgary and Japan. For outdoor tomatoes the price of 
hybrid seed may be a disadvantage, but for glasshouse tomatoes the higher price per 
plant is unimportant. On the basis of the 1957 seed prices in the Netherlands, a plant 
of a commercial variety costs about } Dutch cent and a hybrid 1 cent. 

In order to find good hybrids for glasshouse culture in the Netherlands, a total of 
196 F‚ combinations was tested at the Institute of Horticultural Plant Breeding, Wa- 
geningen, from 1950 to 1956 inclusive. The results of the experiments are given in this 
paper. Since in these experiments the estimation of the cultural value relates to Dutch 
conditions, a short description of the latter is provided. 


THE GROWING AND MARKETING OF TOMATOES IN THE NETHERLANDS 


In the Netherlands tomatoes are grown almost entirely under glass. In 1956, 748 ha 
were grown in heated glasshouses and 1,154 ha in coldhouses. The total production for 
that year was estimated by the “Centraal Bureau voor de Tuinbouwveilingen”’, the 
Netherlands, at 123,000,000 kg, of which about 80 % was exported. The main import- 
ing countries were Germany and England, followed by Belgium, Sweden and Ireland. 
The fruits are picked ripe but in such a condition that they can travel well. They are 
destined for fresh consumption. The supply from heated glasshouses is from the end of 
April until the end of July, that from coldhouses begins at about the end of June and 
mostly ends in mid-September ; some later cultures grown with additional heating end 
in November. 
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FIG. 1. A GOOD STRAIN OF AILSA CRAIG 


Figure 7 on page 35 gives a survey 
of the fluctuation in the supply and 
average price for the years 1954, 1955 
and 1956. The prices in late July and 
August are influenced by the quantity 
and quality of the outdoor crop in 
South Germany and Italy. A bad out- 
door crop, due to bad summer weather 
in these countries, has a favourable 
effect on the prices in the Netherlands. 

The plants are grown with a single 
stem and stopped after six to eight 
trusses have formed. The growing con- 
ditions are kept as favourable as pos- 
sible, e.g. by regular soil disinfection. 
Good strains of Moneymaker and 
Ailsa Craig (Fig. 1) are the most widely 
used. For a survey of Dutch-grown 
commercial varieties and strains see 
the Descriptive List of Vegetables of 
the Institute of Horticultural Plant 
Breeding, Wageningen. 


EXPERIMENTAL DESIGN 


In 1949 and subsequent years a number of crosses were made which were judged in a 
coldhouse the following year. The plants were grown with a single stem and mostly 
stopped after six trusses had formed. 

The available space under glass was insufficient to carry out replicated yield trials 
due to the large number of hybrids. Although it was possible to carry them outin the 
open, this was not done, mainly because of the fact that the hybrids had to be suitable 
for culture under glass and consequently also had to be judged under glasshouse con- 
ditions. Moreover the authors know from their own experiences and from the litera- 
ture (8) that the results of varieties and F‚-hybrids grown under glass or out-of-doors 
do not always agree with each other. 

However, data regarding the yield of the good F, hybrids were collected (total yield, 
total number of fruits, average fruit weight). Owing to the small number of plants 
these data can only be regarded as of an informative nature. The hybrids were generally 
grown in single rows of 12 plants, judged for their suitability for culture under glass 
and compared with their parents and commercial varieties. Ratings were given for 
earliness, fruit characters, productivity and disease resistance. The F‚-hybrids having 
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irregularly shaped and/or too large fruits, or other fruit defects, or maturing too late, 
were discarded after one year. The other F, hybrids were grown again the following 
year, together with new F, hybrids. Thus all worthless and inferior F‚’s were gradually 
eliminated, while the moderately good and good hybrids were maintained in our expe- 
riments for a number of years. 

In judging the hybrids we had the following ideal tomato in mind: it should be 
suitable for growing under glass in the Netherlands; set fruit easily, even under less 
favourable conditions; give fruits preferably weighing 65-85 grams each, which should 
be entirely round, not ribbed, without irregular scars, a good uniform colour both 
internally and externally, not liable to fruit defects such as green back and blotchy 
ripening, and sufficiently firm for transport. It should ripe early and preferably be 
resistant to the most important diseases. 


RESULTS 


Table 1 shows the estimation of the cultural value of eleven hybrids, which proved 
suitable for glasshouse culture in the Netherlands. 


TABLE 1. TOMATO HYBRIDS SUITABLE FOR GLASSHOUSE CULTURE IN THE NETHERLANDS 


Cultural value for glasshouse Final 
Hybrid combination ree e en Remarks 
1950 [1951 |1952 |1953 |1954 |1955 [1956 | “°° 
1. Glorie X Renova En et + + + 
2. Ailsa Craig x Glorie .. . [H+ a Kr on en 
3. Moneymaker x Kampioen ++ + [H+ + [H+ 
4. Renova X Tuckqueen sinen Bia zi zhe sie ie 
S. Ailsa Craig x Renova + H+ -L tn -H 
6. Ailsa Craig x Tuckqueen . -H -H = 
7. Glorie x Moneymaker . . + + + [HH + 
8. Glorie x Tuckqueen ... + + |+ = + + 
9. V-508 x Ailsa Craig-strains in ie ae Ii de ai ++ | resistance to 
leaf mould 
10 Glogen AE ES2424S nnn zie baird + | higher resist. to 
nematodes 
11. Ailsa Craig X H.E.S. 4245 ama ene a ze + {_ higher resist. to 
(Coöp. W. Friesland) | nematodes 


If the growth of the plants is too rank the fruits of the numbers 1, 4, 5, 6, 7 and 8 are more 
liable to quality defects than those of the numbers 2, 3, 9 and the good strains of Moneymaker 
and Ailsa Craig. 


Legend. 


++ = good 
+ — moderately good 
— — insufficient. 
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Table 2 presents the yield data of these eleven hybrids. 


For completeness Table 3 gives a survey of all other estimated hybrids, which proved 
unsuitable for glasshouse culture in the Netherlands. 


TABLE 2. YIELD DATA OF ELEVEN TOMATO HYBRIDS AND THEIR PARENTS 


Yield per pl. in kg Number of fruits zE Fruit 
weight in gr 
per pl. 

OINK SSN OAN ESS IES OND TE OD ES SIES AND SHS ONS TN SDAP SNES AND ONO 
Glorie NME ere ee: 233 ed 34| 47) 52 70| 69 72 
REROVAMMEENT IE 2.5 2.9/ 3.6 26| 31| 36 95} 93/100 
Glorie x Renova ... 2.8| 3.7/ 4.6 31) 52 55 75| 71 84 
AIS CRAS enn 4 3.0 2.1/ 2.8 51 32) 47 59} 67| 61 
GIOHCR RE ete 3102530323 56| 34 47 66} 70| 69 
Ailsa Craig X Glorie . . |4.2/2.3/ 3.5 64| 36 54 65| 64) 65 
Moneymaker . .... 3.1/ 3.9) 3.1| 2.8 41| 48| 34) 37 71) 81} 90 76 
KADO e ns er aken 2.4 4.4 2.8 2.8 44| 59) 43) 38 55} 74| 64} 74 
Moneym. Xx Kampioen . 3.4| 3.9| 3.5) 3.2 56| 53 58 49 62} 74| 60} 65 
REROVARIE RE a 2.5| 2.9 3.6) 3.7 26| 31) 37) 37 95\ 93/100j 97 
iuckqgüecennmnn en 2.2/3.0/ 3.8) 3.6 30 MSS INS 2 76 97/106/111 
Renova x Tuckqueen … 2.6| 4.0/ 4.4 3.7 ‚| 34 46) 44| 40 77) 87/100| 90 
ATSRCEID ee 221258 gal 32 47 51 67) 61 61 
RENOVA REET 2.57 2:9 347 26| 31 37 95 93 97 
Ailsa Craig x Renova .… 1,9) 3.7 3.6 30/ 54 44 64| 68 82 
AIS Cal SR aten 3.0 2.1 51032 59| 67 
Tuckqueensan Mes. ADDED 53) 30 79 76 
Ailsa Cr. X Tuckqueen . [4.7/2.3 65| 35 73| 66 
SIOE mre MERE & DN 3.2 34 47| 52 47 70 69| 72 69 
Moneymaker sw. vee. Desiree) 2.8 40| 41) 48 37 64 77 81 76 
Glorie x Moneymaker . 2.3) 3.9| 4.7 3.0 36857 44 64| 70) 82 68 
Glorie 2850303 NS NSE 34| 47) 52) 46} 47 70 69) 72| 68| 69 
TLE 2.2/ 3.0/ 3.8) 3.6) 2.2 30/31) 37/ 32} 30 76) 97/106/111| 74 
Glorie x Tuckqueen . . 2.1/ 4.6) 5.0) 3.9/ 2.8 81859 ESS MDO RSI 68) 77) 95| 79} 74 
V-508 (Vagebond) .. . 3.5 4.0) 2.4 38 83 NSL 91/108/ 78 
RAS Cralg ane Tnet 2.8/ 3.8) 3.1 47 57-51 61| 67 61 
V 508 x Ailsa Craig . . 4.01 3.7/ 4.9 54| 44| 54 74 85) 90 
GION RO MSDS 56| 34 66| 70 
BEESS IAS eene 00:71 /0:6 32 26 22 24 
Glorie X H.E.S.4245 . |4.7/2.9 72 45 65| 65 
Nils @ rato nnn F3E0 2E 208 N2ES 51) 32) 47 57 59 67) 61} 67 
BEISSADAS eee: 0.7/0.6/ 0.7 — 32 26 26) — 22 24) 28 — 
Ailsa Cr. x H.E.S. 4245 4.71 2.9/ 4.6) 1.6 76 52| 60/ 22 62| 56) 75) 75 
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As already stated in the introduction, it appears from the literature that hybrids 
differ from normal commercial varieties by stronger vegetative development, higher 
yielding capacity and higher early yield. 


TABLE 3. TOMATO HYBRIDS UNSUITABLE FOR GLASSHOUSE CULTURE IN THE NETHERLANDS 


Parent 1 


Very early ripening 
selftopper from 
(T1320 XxX (Farthest 
North x Valiant)) 


Westlandia 


Bruinsma JéBé 


Vetomold, V 121, V 
473, V 4802, V 4804 


Stambovoy Alpatyev 


Tuckswood 


Sparks Earliana 


Marglobe 


Renova 


Meteor 


Earlinorth 


Radio 
30 


Parent 2 


Various Dutch and foreign varie- 
ties 


Renova, Tuckqueen, Tuckswood, 
Sparks Earliana, Marglobe, Domi- 
nant, Bruinsma JéBé, Glorie, Mo- 
neymaker, Radio, Ailsa Craig, 
H.E.S. 4245 


Various Dutch varieties and a 
series of leafmould resistant lines 
of E.A. Kerr 


Various Dutch varieties 


Renova, Westlandia, Ailsa Craig, 
V 473, V 4802, V 4804, Money- 
maker, Bruinsma JéBé, Glorie and 
our own leafmold res. lines 


Kampioen, Glorie, Radio, Sparks 
Earliana, Tuckqueen 


Ailsa Craig, Glorie, Moneymaker, 
Renova, Tuckqueen and our own 
leafmould res. lines 


Ailsa Craig, Glorie, Moneymaker, 
Renova, Dominant 


V 501 to V 508 incl, F 55, F 58, 
Fol 2 IES 15 Bel 2058 V an 


Moneymaker, and a few of our 
own leafmould res. lines 


Ailsa Craig, Glorie, Econoom, 
Moneymaker, Kessler, Robar, No. 
10 — Pannevis, Renova, Tuckqueen 
and our own leafmould res. lines 


Glorie 


Principal drawbacks of F‚ 


Fruits too small and/or of unde- 
sirable shape. Worthless despite its 
earliness 


Angular fruits, in many F‚’s tend- 
ing to become soft. Most of the 
hybrids ripened too late 


Fruits mostly angular, ribbed, 
highly susceptible to yellow top 


Insufficient resistance to leaf mould, 
also in other respects unsatis- 
factory 


Fruit shape and firmness often un- 
satisfactory. Despite earliness 
worthless 


Undesired fruit shape and/or 
strong tendency towards fruit 
defects 


Fruit shape often poor. Trusses 
above 2nd truss mostly very small. 
Poor fruit shape 

Late maturing, suffer much from 
green back 


Poor fruit shape, liable to fruit 
defects 


Often poor fruit shape, fruits most- 
ly rather small, often soft. Spindly 
plants, higher trusses often in- 
sufficiently developed. 


Very liable to fruit defects 


EXPERIENCE WITH HYBRID TOMATOES 


ee Ee: 


Parent 1 Parent 2 Principal drawbacks of F, 
Moneymaker Renova Very liable to fruit defects 
Moneymaker Tuckqueen ditto 
Moneymaker Sperl’s Zukunft ditto 
Renova v. d. Berg’s Ailsa Craig ditto 
Rackaqueens nt. Houtbaai ditto 


V 504, V 505, V 506, Glorie, Ailsa Craig, Coöp. W. ditto 


F 512, B 120 Friesland, Abunda 

H.E.S. 4245 v. d. Berg's Ailsa Craig, Renova ditto 

H.E.S. 4434 Moneymaker ditto 

F 515 Ailsa Craig-strains insufficient resistance to leafmould 
Ailsa Craig, Coöp. Moneymaker fruits often rather small 


W. Friesland 


_Now we will discuss our experimental results and compare them with the results 
mentioned in the literature. 


Stronger vegetative development 


All our hybrids, especially in their early stage of development, grew markedly 
stronger than normal varieties. This stronger growth remained visible later, except in 
crosses with Sparks Earliana and determinate bush varieties such as Earlinorth and 
Meteor. Hybrids with the last mentioned varieties made strong growth at first, but 
later on the plants became spindly, resulting in an insufficient development of the. 
higher trusses. 

Under unfavourable growing conditions the more vigorous growing hybrids may be 
expected to have better yielding possibilities than normal varieties. Increased vigour 
may be required for growing in pots, provided the growth can be fully controlled. The 
stronger vigorous growth may be disadvantageous if cultural conditions cause too 
rank growth. This may result in a lower fruit set, poor fruit shape and other fruit 
quality defects. 

More vigorous growth in hybrids was also found by other research workers. It is 
evident that the useful effect of the higher vigour will be greatest in outdoor crops 
grown under less favourable conditions. WALKOF and NUTTALL moreover stated that 
hybrid tomatoes are more resistant to cold weather and recover more rapidly from 
physical damage than pure varieties. 


Higher yielding capacity 
Glasshouse tomatoes in the Netherlands are mostly stopped after six to eight trusses 


have formed. This limits of course the higher yielding capacity of tbe hybrids. 
Table 2 shows the yield data of our best hybrids. In most cases the total yield of 
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these hybrids proves to be higher than that of both parents, but sometimes these hy- 
brids produce an almost equal yield to the most productive parent; in exceptional 
cases the yield of a hybrid is lower than that of both parents. 

Mostly the total number of fruits per plant of our best hybrids was higher than that 
of both parents. As stated earlier in this article it was impossible to carry out replicated 
yield trials. Therefore it was impossible to determine the statistical reliability of differ- 
ences in total yield and total number of fruits of each individual cross-combination. 
However, for our eleven best hybrids, it is fully justified to conclude that as a rule 
hybrids give a higher yield and a higher total number of fruits than their parents. 

The average fruit weight is on the same level as that of the parents. This confirms 
the observations of ASHTON (2), who states that a higher yield of hybrids expresses 
itself in a larger number of fruits rather than an increased fruit size. 

An increased number of fruits in hybrids may be the result of a higher number of 
flowers or of a better fruit set. Although we did not count the flowers we had the ím- 
pression that in our experiments the fruit set of the hybrids was better than that of the 
commercial varieties. 


Earliness 


BURDICK (2) found that his hybrids generaily produced the first ripe fruit earlier 
than the parents. 

In our F‚’s, obtained from Moneymaker X the very early ripening determinate 
varieties Earlinorth and Meteor, the date on which the first ripe fruit was produced 
always occurred between that of the parents, with a tendency towards the earliest 
parent. Crosses between commercial varieties showing small differences in the dates on 
which the first ripe fruit is produced display the same tendency, but much less mar- 
kedly. 

However, the higher early yield of hybrids, as stated by several workers (3, 5, 10), is 
much more important in practice. Figures 2, 3, 4, 5 and 6 show the incremental crop 
yields of some of our hybrids and their parents. 

Figure 2 shows the typical incremental yield of a cross between the Dutch commer- 
cial variety Moneymaker and the early determinate variety Meteor. Moneymaker 
ripens latest, but gives the highest total yield; Meteor ripens earliest, has a short 
harvest period and gives a much lower total yield. The F, of these varieties does not 
give a higher total yield than Moneymaker, but produces most of its crop earlier in the 
season. 

Figures 3, 4, 5 and 6 represent the incremental yield of crosses between commercial 
Dutch glasshouse varieties, compared with their parents. Although the differences in 
earliness between the parents are much smaller than in figure 2, the hybrids always 
show a markedly higher early yield, sometimes combined with a considerably higher 
total yield. All the other F‚-combinations presented in table 1 show the same behavi- 
our. 


Rapid adaptation to changes in growing and marketing conditions 


Breeding a pure variety takes a long time. If suitable parents are available it is 
possible to introduce a hybrid with the desired commercial characters after one year’s 
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Figs. 2-5. YIELD OF TOMATO HYBRIDS AND THEIR PARENTS 


breeding work. This is exemplified by hybrids of which one of the parents possesses 
dominant factors for disease-resistance. 

Crosses of Ailsa Craig strains with V 508 (Vagabond), bred by E. A. KERR of the 
Vineland Station Ontario, were fully resistant to leaf mould, and very acceptable from 
a commercial viewpoint. Crosses with V 507 gave similar results; crosses with V 502, 
V 503, F 55 and F 514 were slightly less acceptable. 

Nematode resistant hybrids were obtained from crosses with H.E.S. 4245 of. the 
Hawaii Experimental Station. We have not yet been able to confirm that the nematode 
resistance is fully dominant, mainly because H.E.S. 4245 was not yet homozygous. F‚’s 
from H.E.S. 4245 x Ailsa Craig and H.E.S. 4245 x Glorie were highly productive for 
a number of years and also had good commercial characters. In 1954 however the 
Ailsa Craig x H.E.S. 4245 cross gave very poor results. Probably the plants were more 
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4OOOF SrELD PER PLANT ] Fig. 6. YIELD OF THE TOMATO HYBRID MONEYMAKER 


ee ki X_ KAMPIOEN AND ITS PARENTS 
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susceptible to cold weather early in the growing season than plants of commercial 
varieties. Fruit setting was also very poor. Therefore care should be taken if parents 
originating from countries with a warmer climate are used in breeding. The susceptibi- 
lity of H.E.S. 4245 to cold and wet weather was confirmed by an outdoor experiment 
in the bad summer of 1956, when H.E.S. 4245 did not set any fruit at all, and the plants 
were badly damaged. In the same year all crosses with several American outdoor 
varieties behaved similarly. 


DISCUSSION 


After continuous selecting from a total of 196 F‚ combinations eleven commercially 
acceptable hybrids were found. This shows that it is necessary to test a large number of 
combinations to find a small number of good hybrids. This confirms the experiences of 
others. For instance E. A. KERR (7) reports that at the Vineland Station, Ontario, a 
total number of 163 different F‚ combinations of glasshouse tomatoes has been tested 
since 1946 of which only three were good enough for commercial tests. 

Our eleven best hybrids had the following advantages over commercial varieties: 
stronger vegetative development, higher yielding capacity and higher early yield; two 
of these hybrids moreover had a better disease resistance. 

Is it safe to conclude from the above results that commercial growing of hybrids in 
the Netherlands will always give better financial results? 

To answer this, it is necessary to take the course of market prices into consideration. 
Figure 7 shows the fluctuation in the monthly supply and average auction. price in the 
Netherlands during the years 1954, 1955 and 1956. From April to July the price falls 
sharply; usually it gradually descends during July and August and is low until Sep- 
tember. In some years, e.g. 1956, the price stays at the same level during July and 
August. After September the price gradually rises again. 

It is interesting to compare figure 7 with the incremental yield graphs of our hybrids 
(Figs 2, 3, 4, 5 and 6). Reviewing figures 2, 4, 5 and 6 one should keep in mind that 
under commercial conditions the yield curves would be shifted about two weeks to the 
left. Figure 3 is directly applicable to commercial conditions. 
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From figures 2, 3, 4, 5 and 6 — considering the shifting of dates — it may be concluded 
that the higher early yield of our hybrids grown in a coldhouse will be obtained between 
the middle of July and the beginning of August. This means that a higher early yield, 
in our trials varying from a few hundred grams to 1 kilogram per plant, in some years 
(1956) gives no financial advantages at all. In other years, for instance 1954 and 1955, 
the financial advantage will be relatively small. 

Generally we may conclude that the advantages of good hybrids, if grown in Dutch 
coldhouses, only result in a relatively small financial advantage, due to the typical 
course of the prices during the season. On the other hand we may expect that on ac- 
count of the much higher prices before the month of July a higher early yield of hy- 
brids, grown in heated glasshouses, will result in a much greater commercial advan- 
tage. Unfortunately, due to the absence of a heated glasshouse, we were unable to 
confirm this experimentally. 

Planting in the last week of February in heated glasshouses in the Netherlands 
results in the harvest being about a month earlier, compared with coldhouses. All 
growing conditions — except for the heating — are about the same in both types of 
glasshouses. So it may be expected that good hybrids will behave similarly in only 
slightly heated and unheated houses, with respect to higher yielding capacity and 
higher early yield. In this case, a higher early yield will definitely result in a remarkably 
higher financial profit. 

Further experiments are needed to draw final conclusions on the behaviour of the 
hybrids grown in early heated houses. In this culture planting is carried out between 
the end of January and the beginning of February, when the growing conditions, 
especially the amount of light, are quite different from those prevailing later in the 
season. 

Financially a higher early yield of tomatoes grown in heated glasshouses may be 
more profitable than a higher total yield. It is possible to obtain early hybrids with a 
high early yield by crossing Dutch commercial varieties with very early ripening varie- 
ties. So far it has proved impossible to combine extreme earliness with all the other 
desired commercial characters. To improve this it is necessary to breed better early 
yielding parents, with better combining ability. 
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From 1950 to 1956 a total number of 196 hybrids was tested in coldhouses. After 
continuous selection eleven commercially acceptable hybrids remained. In comparison 
with commercial varieties all these eleven hybrids showed the advantage of stronger 
vegetative development, higher yielding capacity and higher early yield; two of them 
moreover possessed a better disease resistance. 

Generally we may conclude that the advantages of good hybrids, if grown in Dutch 
coldhouses, only result in a relatively small financial advantage; the higher early yield 
is obtained between the middle of July and the beginning of August, a period of low, 
nearly constant prices. On the other hand, on account of the much higher prices be- 
fore the month of July a higher early yield of hybrids, grown in a heated glasshouse, 
will result in a much greater commercial advantage. 

With hybrids, adaptation to changes in growing and market conditions can be ob. 
tained rapidly. Good examples are leaf mould resistant hybrids of Ailsa Craig strains 
x Vagabond and a better nematode resistant hybrid of Ailsa Craig x H.E.S. 4245. 

Crosses of Dutch commercial varieties with parents originating from countries with 
a warmer climate, gave disappointing results under unfavourable weather conditions. 

In order to obtain outstanding early hybrids it is necessary to breed better early 
yielding parents, with good combining ability. 


SAMENVATTING 


Zevenjarige ervaring met tomaten-hybriden 


Gedurende de jaren 1950 t/m 1956 werden in totaal 196 hybriden beproefd bij de 
teelt in onverwarmde warenhuizen. Na voortdurende selectie bleven in totaal elf voor 
de praktijk acceptabele F‚-combinaties over. Deze elf hybriden vertoonden ten op- 
zichte van de gewone rassen een sterkere vegetatieve groei, een hoger opbrengstver- 
mogen en een grotere vroege opbrengst; twee van deze hybriden hadden bovendien 
een betere ziekteresistentie. 

Bij de teelt in onverwarmde warenhuizen in Nederland blijken de genoemde voor- 
delen van hybriden meestal slechts een betrekkelijk gering financieel voordeel op te 
leveren, daar grotere vroege opbrengst tussen half juli en begin augustus verkregen 
wordt en de prijs na de maand juni in de regel reeds tot een laag niveau gedaald is. 

Verwacht mag worden, dat bij teelt in verwarmde warenhuizen de met hybriden te 
bereiken grotere vroege opbrengst wèl zal resulteren in een belangrijk groter financieel 
voordeel, door de veel hogere prijzen vroeger in het jaar. 

Met hybriden is een snelle aanpassing aan gewijzigde teelt- en markteisen mogelijk. 
Voorbeelden hiervan zijn een hybride met resistentie tegen bladvlekkenziekte uit Ailsa 
Craig x Vagabond en een hybride met grotere resistentie tegen wortelknobbelaaltjes 
uit Ailsa Craig x H.E.S. 4245. 

Onder minder gunstige weersomstandigheden gaven hybriden waarbij ouderrassen 
uit landen met een warmer klimaat gebruikt werden teleurstellende resultaten. Om een 
maximaal effect met F‚’s te bereiken is het noodzakelijk betere, vroegrijpende ouders te 
kweken, met een goede “combining ability”. 
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The following account of potato breeding in Russia does not claim to be a compre- 
hensive one, since it is based on the information 1 was able to gain on a three weeks’ 
visit last July. Furthermore, 1 was not able to devote the whole of my time to potato 
breeding since the main object of my visit was to study the wild species of potatoes that 
the Russians have collected from Mexico and South America, and which they have 
been using in the breeding of new commercial varieties. 


My invitation came from Professor ZHUKOVSKY, Director of the Institute of Plant 
Industry in Leningrad, and 1 should like to take this opportunity of paying tribute to 
the kindness and generosity of Prof. ZHUKOVSKY and all his staff. During the period of 
my visit 1 saw potato breeding work at the “Pushkin” research station (Figs. 1-5) be- 
longing to the Institute and situated some 15 km from Leningrad. I also visited the 
Experimental Farm of the Leningrad Institute of Agriculture nearby and the Ministry 
of Agriculture’s Potato Breeding Institute, some 30 km from Moscow. 


Before talking about potato breeding in general I should like first to mention briefly 
the organization and work of the various Institutes that I visited: 


FIG. 1. THE PUSHKIN EXPERIMENTAL STATION OF THE INSTITUTE OF PLANT INDUSTRY, NEAR LENINGRAD 
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L. The Institute of Plant Industry, Leningrad. This Institute was founded by the 
famous botanist and plant breeder N. 1. VAvirLov, in 1918, as the All Union Institute 
of Applied Botany and New Cultures, the present name being given to it in 1936. It 
deals with the introduction, quarantining, testing and distribution in the Soviet Union 
of varieties and species of crop plants from all over the world. As is well-known, 
VAVILOV inspired numerous world-wide collecting expeditions in the twenties and 
thirties of this century, the results of which revolutionized our knowledge of the amount 
of variability in the major crop plants and enabled him to draw very important con- 
clusions about their origin and development. 

The immense collections of material from these expeditions (at one time some 
200,000 samples were grown) are being studied from all aspects — botanical, cytological, 
biochemical, physiological, genetical and agronomic — and monographs are published 
from time to time on the species studied. Varieties are tested for growth and adapta- 
tion to local conditions in a chain of 15 substations ranging from the arctic circle in the 
north to the Black Sea, the Caucasus and Turkestan in the south, and eastwards 
from Leningrad to Vladivostock. In addition to this testing work a large amount of 
plant breeding has been done (some 400 new varieties have been raised at the In- 
stitute), though this is not its chief aim. Promising selections and new varieties are 
distributed to other research stations and to collective farms after the necessary testing 
has been carried out. For this immense work a staff of some 1000 workers, both 
scientific and technical, are employed. 

The Institute publishes its own Journal, the Bulletin of Applied Botany, Genetics 
and Plant Breeding, which was replaced for a short period during the war by Soviet 
Plant Industry Record. 

After VAvILOv’s death in 1941 the work of this Institute, which he had founded and 
developed, suffered greatly. However, under the directorship of Prof. ZHUKOVSKY it 
has again attained a position of the greatest importance both in Russia and outside it. 

The potato section is directed by Prof. S. M. Bukasov, well-known for his original 
researches on wild and native cultivated potatoes in South America, the results of 
which have changed completely our methods of potato breeding during the last 30 
years. Also on the staff at Leningrad are Drs. KAMERAZ and LECHNOVICZ and Miss N. 
A. LEBEDEVA. The main potato breeding work is carried out at the Pushkin Station, 
but trials are also grown at many other stations belonging to the Institute. At Pushkin 
very extensive programmes of breeding for resistance to blight, wart, frost, Colorado 
beetle and eelworm are in progress, based largely on crosses between wild and cultivated 
species. 

2. The Leningrad Institute of Agriculture. The experimental farm of the Leningrad 
Institute of Agriculture is situated quite close to the Pushkin Station of the Institute of 
Plant Industry. The former Institute is roughly similar to our Agricultural Colleges 
and depends directly on the Ministry of Agriculture, whilst the Institute of Plant In- 
dustry is a dependency of the Lenin Academy of Agricultural Sciences, for which 
there is no exact equivalent in Britain. 

The potato-breeding work is in charge of Professor V. L. VESSELOVSKY who is breed- 
ing chiefly for blight and frost resistance and for general commercial qualities, es- 
pecially high yield, good quality and earliness. 

3. The Potato Breeding Institute, Moscow. This Institute is also dependent on the 
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Ministry of Agriculture. Its director is Dr. N. Y. CHMORA, and there is a staff of 71 
people of whom 36 are scientists and the rest technical and field personnel. Chief 
emphasis is laid here on breeding for resistance to blight and wart disease. The 
varieties are selected also for general resistance to disease and for good agronomic and 
cooking qualities. 


We have seen from the above account that most potato breeding work in Russia 
aims at combining blight and wart resistance with good agronomic and culinary qua- 
lities. But there is also a fair amount of work in progress in breeding merely for good 
quality, earliness, high starch and protein content, and general disease resistance. In 
this type .of work no special attention is paid to testing for individual disease orga- 
nisms. As we have seen, breeding for resistance to frost, Colorado Beetle and eelworm 
is being done mainly at the Institute of Plant Industry at Leningrad. The work here is 
much wider in scope than at the other two Institutes that 1 visited, more use is made of 
the genetic possibilities of the wild and primitive cultivated species, and on the whole 
this Institute seems to be much more abreast of modern developments in other parts of 
the world than the Moscow Potato Breeding Institute. 


We shall now deal with some of the more detailed methods: and results obtained in 
breeding along specific lines. 

a. Blight resistance Dr. KAMERAZ at the Institute of Plant Industry has used chiefly 
crosses between Solanum demissum and S. tuberosum, backerossed for several genera- 
tions to the S. tuberosum parent. He has also used crosses of S. antipoviczii (—= S. 
stoloniferum) x S. tuberosum, but finds it difficult to eliminate the long stolons in- 
herited from the wild parent. All varieties are tested against a mixture of biotypes of 
Phytophthora, (what is known as an aggressive population) and no isolation of indivi- 
dual races is attempted. The following blight resistant varieties are already on the 
market: Kameraz No. 1, Detskosselsky, Krasnoufimsky, Uralsky, Pushkinsky, 
Dyelskovsky and Uktussky. The variety Pushkinsky was derived, unlike the others, 
not from S. demissum, but from a eross involving a hexaploid clone of S. vallis-mexici 
which arose spontaneously in the cultures of Miss PERLOVA in the Pamir mountains in 
the south of the U.S.S.R. Another promising line, which has not yet been released, is 
Volkhovsky, obtained from the F, of S. demissum x S. tuberosum subsp. andigena, 
crossed to S. tuberosum. This resists the common race (not the aggressive one) of blight, 
has good quality white tubers with shallow eyes, and yields about 3 kilos per plant. 

Professor VESSELOVSKY at the Agricultural Institute has also bred from S. demissum 
crosses. | was able to see a field of hundreds of lines, all resistant to the common race of 
blight and of very good appearance. 

The breeders at the Moscow Potato Institute have used as their wild parental ma- 
terial chiefly the pentaploid hybrid “species” S. semidemissum, a close relative of S. 
demissum, as its name implies. They issued the blight resisting varieties Phytophthora- 
Ustoychevy (resistant) and Moskovsky in 1935 and have six numbered lines of pro- 
mise under test. 

b. Wart resistance. All potato breeders in the U.S.S.R. are attempting to incorpo- 
rate wart resistance into their new varieties as a matter of routine. Sources of resistance 
are available both in European and South American lines, and no particularly difficult 
problems are involved here. 
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FIG. 2. GLASSHOUSES AND PLOTS OF POLYPLOID POTATO MATERIAL AT THE PUSHKIN 
EXPERIMENTAL STATION 


Left to right: Professor Bukasov, Miss Lebedeva, Dr. Kameraz 
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FIG. 3. BOXES FOR GIVING ARTIFICIAL SHORT-DAY CONDITIONS TO SOUTH AMERICAN 
POTATO MATERIAL, SO OBTAINING GOOD YIELDS AT THE LATITUDE OF LENINGRAD 
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Fi. 4. Dr. KAMERAZ IN A FIELD OF ONE OF HIS BLIGHT-RESISTANT VARIETIES, ““KAMERAZ 
NO. 1” 


FIG. 5. GAUZE-SCREENED HOUSE FOR GROWING VIRUS-FREE EXPERIMENTAL STOCKS UNDER 
APHID-PROOF CONDITIONS AT THE PUSHKIN EXPERIMENTAL STATION 
Left, Dr. Lechnovicz; right, Dr. Kameraz 
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c. Frost resistance. Breeding for resistance to frost is considered to be of great im- 
portance in the Soviet Union, though the difficulties involved are so considerable that 
so far no good frost-resisting variety is yet on the market. 

Prof. BuKAsov and Dr. KAMERAZ test their material under natural conditions at 
Khibiny in the arctic circle where the Institute of Plant Industry has a substation. The 
frost-resistant wild species S. acaule has chiefly been used, but the hybrids suffer from 
the very late maturity of the wild parent. The hybrids so far obtained resist to —2 or 
—4°C but they are rather poor commercially. 

Prof. VESSELOVSKY told me that he had had very little success with S. acaule X S. 
tuberosum crosses, but that better results were obtained with the triple hybrids (S. 
demissum Xx S. acaule) X S. tuberosum, and also the cross between octoploid S. acaule 
and S. tuberosum. He, also, tested for resistance at Khibiny. 

At both Institutes anatomical and biochemical work was being done in order to 
elucidate the nature of frost resistance in the parental material. 

d. Colorado beetle and Epilachna resistance. Although Colorado Beetle has not yet 
spread as far east as the U.S.S.R. it is well-known in Poland, and the Russians are 
breeding for resistance in the fear that this pest may eventually cross their borders. 
Similarly with Epilachna, a caterpillar known at present in the Far East, and which 
consumes the above-ground parts of the plant. 

Work on both these insects is being done at the Institute of Plant Industry. Colorado 
Beetle resistance has been found in the wild species S. demissum, S. polyadenium, S. 
jamesii, S. acaule, S. chacoense and S. commersonii (in the wider sense), which are 
being crossed with S. tuberosum. The chief problem here is to maintain a high level of 
resistance whilst backcrossing to S. tuberosum for the improvement of agronomic 
qualities. In practice it is found that resistance gradually diminishes, so that virtually 
none is left by the 3rd or 4th backcross generation. However, some promising lines are 
being developed, chiefly from S. chacoense, and S. commersonii, since hybrids with 
these species retain a higher degree of resistance on backcrossing with S. tuberosum. 
All material for test is sent to a testing station near Berlin. 

All material resistant to Colorado Beetle is found to be resistant also to Epilachna, 
so that the two programmes of work can progress simultaneously. 

e. Eelworm. As with Colorado Beetle, the presence of eelworm has not yet been 
reported in Russia, but breeding of resistant varieties is under way at the Institute of 
Plant Industry so that they shall be available if and when they are required. The wild 
species S. vernei and S. catarthrum are used as a basis of the breeding work, and ma- 
terial is tested in Lithuania. Crosses of these species with the variety Octubrionuk seem 
promising. 

f. Virus. Virtually no breeding for resistance to potato viruses is going on in the 
U.S.S.R. at the present day, though it is intended that some shall start soon. The vi- 
ruses A, X and Y are said to occur, though not leaf-roll. Possibly, however, extensive 
tests and observations would show that leaf-roll also is present. 

This disregard of the importance of viruses in potato breeding is paralleled by the 
lack of any scheme for seed certification in Russia. Both are due to the unfortunate 
influence of LyYsENKo, well-enough known in questions of genetics and cytology in the 
western world but not so well-known in questions of virus diseases. 

LYSENKO, adopting a hypothesis originally propounded in Germany by MERKEN- 
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SCHLAGER, does not consider that degeneration of potatoes is due to virus diseases but 
thinks it is a physiological depression caused by the cultivation of a variety under con- 
ditions to which it is not adapted. Thus, he states that the degeneration of potatoes 
when grown under hot dry conditions is due to the fact that this plant is really only 
adapted to moist cool environments. On this view, then, one would expect that dege- 
neration could be cured by growing the degenerated variety in the appropriate con- 
ditions of temperature and moisture. This he claims to be able to do, but no “un- 
biased” observer has ever been able to repeat this sort of experiment, and most potato 
breeders even in Russia view his theoretical statements with caution. The situation is 
much more hopeful now than in 1938 when 1 visited Russia previously, since at that 
time LYSENKO'’s views on viruses received fairly universal support. Now, indeed, 
breeders both in Leningrad and Moscow speak of viruses using the same basic 
assumptions as we doin the west, and are even considering the growing of certified 
seed, elite stocks and virus-immune varieties. 

Whilst on the subject of viruses, it will be apposite to discuss LYsENKO’s highly pub- 
licised theory of “summer planting” of potatoes in the south of the U.S.S.R. By 
sowing in these regions in July instead of in March or April it is claimed that degenera- 
tion is not only arrested but actually cured. LysENKO explains this by stating that since 
the tubers from summer plantings are harvested late in the season, the cool conditions 
under which they are formed are similar to those to which the species was originally 
adapted. Hence the physiological depression is cured and the degeneration disappears. 
The views of other potato breeders, not of LyYsENKO'’s school, and also of some Mi- 
nistry of Agriculture officials, is that there are two processes at work here. In the first 
place it is probably quite true that the plants can mature better tubers under the cool 
end of season conditions. Besides this, however, it is probable that the plants do not 
become so virus-infected when grown in July to October since there are fewer insect 
vectors about at that time of the year. The claims put forward by LYsENKO that he can 
cure degeneration in potatoes by the methods mentioned above are considered by 
many scientists in Russia, as they would be outside it, to be nothing more than wishful 
thinking. Nevertheless, he has derived a lot of State support from this apparently very 
useful practical help in potato cultivation methods for the southern regions. 

One very adverse effect of LYSENKO’s views on viruses can be seen on the extensive 
living collections of potatoes from Mexico and South America grown at Leningrad. 
These were never grown in insect-proof glasshouses to prevent infection by virus, and 
in consequence a very large amount of the material has either died out, become riddled 
with virus, or else has had to be renewed from natural seed resulting from cross-polli- 
nation. This fact is now fully realised, and from about three years back a special gauze- 
lined propagating house has been in use for growing the newly acquired collections, 
which Professor ZHUKOVSKY is most anxious to augment in every way possible (see 
Fig. 5). f 

8. Cytological and other studies. From about 1940 until only two or three years ago 
practically no cytological or genetical work as we know it in the west was conducted in 
Russia on potatoes or indeed on any other crop. This was largely due to LyYsENKO and 
his colleagues, who advocated so-called “Michurinist Genetics”, though MICHURIN, a 
successful breeder from Czarist days, who died in the early thirties, would certainly 
have been most surprised if he could have foreseen all the hypotheses later to be put 


42 


POTATO BREEDING IN RUSSIA 


forward in his name! Michurinist genetics, as explained by LysENKO, places an ex- 
aggerated importance on the part played by the environment in changing the heredi- 
tary nature of plants and animals, and considers the chromosome theory of heredity as 
of minor importance. These views, although containing some germs of truth, are in 
many ways unsound and have been severely criticised ; however, for a period of about 
10 years they were “official” policy and all breeders had at least to pay lip service to them. 

From about 1953, however, the situation has improved to such an extent that it is 
now possible to pursue classical genetical and cytological work with no restrictions. 
Michurinist genetics is still worked on by the members of the Moscow Institute of 
Genetics, headed by LyYsENKO, and in a number of other institutes both in Moscow and 
Leningrad, and presumably also in other parts of the country. 

Although conditions are now improved and cyto-genetical work in potato and other 
erop breeding is recommencing it will be evident that the Russians are a long way be- 
hind the West in this aspect of the subject, and they are making a great effort to regain 
lost ground. 

In cytological studies at the Institute of Plant Industry Miss LEBEDEVA is using the 
drug colchicine to produce polyploids of a number of diploid potato species in order to 
be able to use them with more ease in crossing with the cultivated S. tuberosum. 
Vigorous tetraploid lines of S. pinnatisectum, S. verrucosum and S. kurtzianum (as 
macolae) have been produced, as well as 4x and 8x S. chacoense (as gibberulosum), 
4x and 8x S. phureja (as kesselbrenneri), 8XS. acaule, 8x S. tuberosum, and 12 x 
S. demissum. Hybrids are also being made between certain of these artificial polyploids 
and S. tuberosum, with quite promising results. 

No cytological studies are at present in progress at the Moscow Potato Institute, 
though the Director stated that both cytological and virus work was being contem- 
plated. 


CONCLUSIONS 


In thinking over my impressions of potato breeding and research in Russia after my 
return I was struck by what were to me two rather interesting points. 

In the first place agricultural research (or at least the sample of it that 1 had seen) did 
not seem to be so well-endowed as it is in England, Holland, Germany and elsewhere 
at the present day. Glasshouses seemed to be particularly scarce, and those at Pushkin 
which had been destroyed by the Germans during the war still remained unrepaired 
owing to insufficient government grants. This contrasts very markedly with many 
accounts one reads and hears of vast Russian Government spending and investment in 
scientific research in general. 

The second point is that, whilst there are undoubtedly a number of older scientists of 
first-rate calibre and international reputation, there seems to be a shortage of well- 
trained middle and lower grade people. This may be due partly to the effects of the war 
years and also partly to the rival claims of technical and other research branches. 

It should be emphasized here, however, that these are my own personal views and 
impressions, based only on a three weeks’ visit. There is no doubt that the Russians 
have made most important contributions in potato breeding in the past, and from the 
work I saw on my visit I think they will do so again in the near future. 
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Aardappelveredeling in Rusland — juli 1956 


Schrijver bezocht in juli 1956 een drietal veredelingsinstituten en daartoe behorende 
proefterreinen om zich op de hoogte te stellen van de aardappelveredeling. 

Bij dit bezoek is gebleken dat belangrijk werk wordt verricht en overeenkomstige 
vraagstukken als in West-Europa zijn aangevat. 

Aan virusziekten wordt weinig aandacht geschonken. Ten dele is dit het gevolg van 
het ontbreken van een keuring van pootaardappelen, maar vooral van de opvattingen 
van LyYsENKO dat degeneratie een fysiologisch probleem is in plaats van een virus- 
probleem, zoals in Westerse landen is vastgesteld. 
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1. INTRODUCTION 


In the literature on new varieties little information is given on details in regard to 
methods of selection used in hybrid populations, nor are data mentioned about the 
building up of young varieties in their stages of official evaluation. Undoubtedly there 
is a great variation in this respect, so that it seems worth while to publish on the 
subject. 

In this article we describe the procedures followed in the development of the Dutch 
spring barleys Minerva and Vada. The report is illustrated by surveys representing the 
procedure of selection. 


2. THE BREEDING OF THE SPRING BARLEYS MINERVA AND VADA 


The Institute of Agricultural Plant Breeding (L.v.P.) at Wageningen maintains a 
collection of varieties of cereals for breeding purposes. Annually varieties are tested 
under conditions prevailing in the Netherlands. When setting up a breeding pro- 
gramme the initial material is chosen from this collection. 

For instance a cross was made between Hordeum laevigatum and Goudgerst (Sva- 
löv’s Gold barley) at the I.v.P. in 1928. Hordeum laevigatum is a botanical species with 
no conspicuously good features, its straw stiffness and yield being insufficient. How- 
ever, our attention was drawn by its good resistance to mildew. 

At the time Goudgerst was the most important spring barley variety in the Nether- 
lands and covered more than 80 % of the area under barley. It was fairly short but, in 
comparison with the then grown varieties, it had fairly stiff straw and a great tillering 
capacity. It ranked amongst the most productive varieties but was heavily attacked by 
yellow rust in some years. 

When the above hybrid population had segregated to some extent, ears were chosen 
from the Fe in 1935. In following years also lines were selected from the offspring. 
Yields were always unsatisfactory, however. 

The Dutch breeders received material from the population and a selection was sub- 
mitted to evaluation. It never reached the List, however, on account of its poor pro- 
duction and susceptibily to rust. 


After the Second World War cereal breeding and more particularly barley breeding 
were tackled on a larger scale. In 1947 and 1949 hundreds of seeds from the hybrid 
population Hordeum laevigatum x Goudgerst were sown. 

In the material sown on fertile soil various lines came to the fore which were con- 
spicuous in straw stiffness and mildew resistance. 

In 1950, two selections excelled in tillering capacity „bearing a large number of stems 
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per plant. They outyielded the standard variety by more than 15 %. This induced us to 
pay special attention to these lines. 

However, one should guard against drawing conclusions from yield-figures of one 
year. Many selections mostly fall short of expectations in later trials and are soon dis- 
carded. When the same line dominates in yield every year it may be assumed that it has 
a favourable genetical constitution and the chosen line can be entered into the Central 
Register of Varieties and released for further trials. Then comes the problem of pro- 
ducing a sufficient quantity of seed for sowing on the trial fields and for multiplication. 
For this purpose we drilled the seeds at distances of 25 x 25 cm on a field of 50 m°. The 
plants tillered heavily and produced 20-30 ears. A yield of 35 kg was more than suffi- 
cient to supply seed for trial fields. 


After testing in the 1.V.R.O. observation trial fields in 1952 and in the trial farm 
series in 1953 it soon appeared that the two selections indicated by P.B. 26 and L.G. 51 
were among the most productive lines. L.G.51 was placed on the List of Varieties in 
1955 under the name of Minerva and P.B.26 in 1956 under the name of Vada. 

Both varieties are distinct by their slow development in spring. Farmers sometimes 
consider this property an unfavourable one, but it is striking that some of the most 
productive foreign varieties which have been introduced in the Netherlands of late 
years show the same tendency. 

Apparently in other countries it is also a well-known fact that a rapid development 
in spring is accompanied by a lower number of sprouts and stems. “The plants should 
have time enough to develop a fair number of tillers.” A bad tiller-development is a 
very unfavourable feature, especially in the case of spring barley. 

Determination of the 1000-kernel weight and a keen selection for ear-length and 
number of kernels are also very important. 

We regretted to learn that the Nacobrouw (National Committee of Maiting Barley) 
confirmed our surmise that the two new l.v.P.-varieties are not fit for malting purpo- 
ses. On the other hand they are very suitable for pearled barley, on account of their big 
kernels. In the trials they proved to rank among the most productive varieties. Vada 
gave the highest yield on the south-western, the central and the river clay trial fields 
both in 1955 and in 1956 (See tables 1 and 2). 


TABLE 1. SURVEY OF THE RELATIVE PRODUCTION ON THE I.V.R.O. SPRING BARLEY TRIAL FIELDS IN 1955 


Production En ® 20 e & 
KD) el 3 D4 e) > so} 
The Netherlands (arerag sj iz, Ee) a) 3 9 8 EE 
region) 5 = T Te ° 5 > 
aa) S LE: 
kg/are A Û An pe) 
Northern marine clay . . . 48.3 — 94 104 104 — 103 106 
Central marine clay .. .. SpA 100 97 101 103 105 104 109 
South-western marine clay . 47.7 99 104 102 105 104 102 108 
RIVER CAVE eeen 45.2 98 102 102 97 — 106 105 
LOES8 a UR 42,6 =| 91 107 — — 99 114 


46 


THE CREATION OF TWO SPRING BARLEY VARIETIES 


TABLE 2. SURVEY OF THE RELATIVE PRODUCTION ON THE L.V.R.O. SPRING BARLEY TRIAL FIELDS IN 1956 


Production D a S 
(average of 9 5 8 3 je e 3 
The Netherlands 5 ief el 5 | Ra) JD) 3 
region 5 = T Te © sl > 
jaa) 3 Lal 
kg/are an Û en, = 
Northern marine clay . . . 46 — — 98 102 101 100 101 
Central marine clay .. . . 47 95 90 99 102 99 100 102 
South-western marine clay … 49 100 97 101 104 101 100 105 
VOO ENE Ave l ve 43 — 85 101 97 — 101 107 
WOESSIE 41 94 02 100 — — 100 11 


This high production is remarkable, particularly because it has been effected by a 
combination of which practically nothing could be expected. The result could be 
obtained even without backcrossing. It seems worth while therefore to cross the present 
productive varieties once more with Hordeum laevigatum, as this may lead to even 
more productive lines. 


The Institute of Research on Varieties of Field Crops, L.V.R.O., which is in charge 
of the registration of varieties introduced by breeders or their representatives, has 
given a description of the two varieties. About Vada it says: The variety is character- 
ized by a somewhat slow development in spring together with a heavy tillering, where- 
by the young plants form flattish rosettes and fairly short straw and show slight sus- 
ceptibility to mildew. In many respects there is striking resemblance to its sister variety 
Minerva. The kernel of Vada is distinguished from Minerva by the absence of dents on 
the veins of the lemma. 


3. THE SELECTION PROCEDURES OF MINERVA AND VADA 


The selection, building up and maintenance of the young varieties are pictured in 
figures 1 and 2 (opposite to page 48). 

In 1949, 500 seeds of the 20-year old hybrid population were laid out. Some 65 plants 
were retained and sown on small separate plots in 1950. Sel. 51 distinguished itself in 
yield and was increased without further selection (O — increase without selection). 

After the trial field results of 1951 this selection was introduced and at the same time 
entered into the Central Register of Varieties. In 1952 it was sown on the first official 
trial fields. From the 1952 harvest also a number of ears were chosen, which in 1953 
stood on the field as first-year lines of this selection. 

The unselected multiplication of sel. 51 produced seed for further increase and for 
trial fields and was included in the List of 1955. The first-year lines of 1953 produced 
some 40 second-year lines in 1954 and some 30 third-year lines in 1955. The breeder’s 
seed was composed of 18 third-year lines, which were most productive on the trial 
field, and this was sent to the multiplication establishments. There the breeder’s seed 
could be increased to elite seed already in 1956. 

Of the third-year lines of 1955 a number of ears was chosen; the ears of the 18 chosen 
third-year lines produced the first-year lines, numbering more than 250. In figure 1 the 
lines which produced the 1951 breeder’s seed have also been included. 


47 


JOH. DROS 


3 


In this way we were soon in a position to put upon the markét pure seed for seeding 
purposes. This is very important as it is necessary for the breeder to start his line-selec- 
tion in the same year that his variety is submitted for trials by the 1.V.R.O. When the 
breeder has obtained a promising line from a young hybrid population, it is in many 
cases not true to type at the moment when the first test by the 1.V.R.O. takes place a 
few years later. 

In the case of Vada (Fig. 2) the unselected multiplication of sel. 26 was abandoned 
because after two years of observation we preferred line 31. The building up of Vada 
agrees with that of Minerva. 

In 1956 a total area of 238 ha Minerva and 45 ha Vada were approved by the N.A.K. 
(Netherlands General Inspection Service for Seeds of Field Crops and for Seed Pota- 
toes). 

The multiplication of elite to original amounted to 25 ha for Minerva and also for 
Vada in 1956. 


SUMMARY 


An old hybrid population of the interspecific cross Hordeum laevigatum Xx Goud- 
gerst was chosen as initial material on a selection basis in 1947. We succeeded in rais- 
ing the mildew-resistant fodder barley varieties Minerva and Vada which are also 
suitable for the production of pearled barley. 

It is remarkable that without backcrossing from this interspecific crossing, varieties 
have been obtained with such a high production capacity. Crosses of Hordeum laeviga- 
tum with other barley varieties, excelling Goudgerst in production, may lead to even 
better results. 

SAMENVATTING 


Het kweken en instandhouden van twee zomergerstrassen 


Een oude kruisingspopulatie van de soortskruising Hordeum laevigatum x Goud- 
gerst werd in 1947 gekozen als uitgangsmateriaal voor de zomergerstveredeling. Het 
gelukte ons hieruit de meeldauwresistente voergerstrassen Minerva en Vada te kweken, 
die tevens geschikt zijn voor de gortbereiding. 

Het is vermeldenswaard dat zonder terugkruising toe te passen uit deze soorts- 
kruising rassen zijn verkregen met zulk een hoog opbrengstvermogen. Wellicht zullen 
kruisingen van Hordeum laevigatum met andere gerstrassen, die Goudgerst in op- 
brengstvermogen overtreffen, tot nog gunstiger resultaten leiden. 
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INTRODUCTION 


The advantages of dwarfing cherry trees might be considerable. Management, in- 
cluding picking, spraying and pruning would then be much easier. Moreover there is at 
least some chance that their less vigorous growth might make them less susceptible to 
bacterial canker ; also the protection against starlings by covering them with nets might 
perhaps be feasible. Therefore the selection of a dwarfing rootstock for cherries was 
given first priority. 

This paper gives a report on the selection for low vigour in Limburgse boskriek, an 
indigenous Mazzard, and also on the search for a weak growing Prunus species which 
is compatible with cherries. 


SELECTION IN LIMBURGSE BOSKRIEK 


It has been assumed that weak growth of seedlings of Limburgse boskriek is due to 
unfavourable growing conditions. There may however be a chance of a rare exception 
in which weak growth is determined by genetical factors. Therefore weak growing 
seedlings, about 6,000 in all, were selected in the field from various places. Of these 
plants the percentage bark in the roots was determined as this value has proved a 
useful criterion of vigour. This is illustrated by the following example. The percentages 
bark in the roots of the dwarfing apple rootstock M.IX, the moderately vigorous M.II 
and the very vigorous M.XVI are 67, 51 and 40 respectively. The percent. bark has 
been determined as follows (7). A sample of roots, slightly less than 10 mm in diameter 
was taken from the most vertically growing roots of each seedling. Thin slices from 
these roots were cut off with a knife and measured under a microscope with a weak 
magnification by means of a micrometer. The percent. bark is calculated from the 
measurements as follows. If A and B — two diameters of the whole root taken at right 
angles to each other, and a and b — two diameters of the wood in the same directions, 
100 ab 4 

Ap 


The result was that from all 6,000 seedlings only 3 plants had a percentage of bark 
slightly less than 50. In comparison the percentage bark of the vigorous rootstock 
F12/1 was 28, the average of 10 determinations. The first mentioned plants proved to 
be of the acid type, in other words crosses of Prunus cerasus. It was found unnecessary 
to keep them for further research, firstly because they would very likely be too vigorous 
and secondly they might have less favourable characters due to inbreeding with 
cerasus. That is why in practice such “acid” types are being discarded. The results 
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obtained suggest that the chances of selecting a dwarfing Prunus avium are very small 
or nil. 


TESTING VARIOUS PRUNUS SPECIES AS A ROOTSTOCK 


In 1948 Wijnkers and Meikers (May Duke) were each budded on to 15 rootstocks of 
the following species: Prunus besseyi, Prunus cerasus (Leitzkauer Pressauer, Stockton 
Morello and Westerlese kriek), Prunus incisa, Prunus padus, Prunus pumila, Prunus 
serotina, Prunus tenella, Prunus tomentosa, Prunus virginiana and Prunus wadai. It was 
found unnecessary to include Prunus mahaleb, as this species, due to its deep rooting 
habits, is not suited to our soils. There are other disadvantages but they could possibly 
be overcome by selection. As a rule bud take was extremely bad. The few shoots that 
developed could easily be broken off the rootstock, thus showing a severe form of in- 
compatibility between the scions and the species tried as rootstocks. There were 
however two exceptions, viz. Prunus cerasus and Prunus incisa. Bud take was better, 
although not really good and at least in the first years, no symptoms of incompatibility 
could be observed. For reasons to be explained later Prunus cerasus has been discarded 
to concentrate further research on Prunus incisa. It appeared from a study of the lite- 
rature (3, 6, 8 and 9) that a given combination of scion and rootstock can be compatible 
enough for horticultural purposes and yet fail entirely under less favourable growing 
conditions. Thus HOWARD (8) wrote: “From the very first the union between Morello 
and the sweet cherry varieties seems insecure. As the trees become older they invariably 
overgrow the stock and look as though they would surely break off, but they never 
do”. According to GRUBB (4) however the same Stockton Morello showed a high 
degree of incompatibility with sweet cherries. This is no exception. Other fruit species 
are also markedly influenced by the growing conditions as may be illustrated by a few 
examples. Under English conditions quince C. is a useful rootstock for pears (10). 
HILKENBÄUMER (6) on the other hand states that quince C. is “so unverträglich mit 
Edelsorten und frostempfindlich, dass man seinen Anbau in Mittel-Europa nicht mehr 
verantworten kann”. The same author (5) writes about a pear which holds an inter- 
mediate position as regards its compatibility with quince: “Lucas ist an ungünstigen 
Standorten stark unverträglich, dagegen auf den der Birne und Quitte zusagenden 
Boden gesund”’. Furthermore HILKENBÄUMER (5) states: “Der Einfluss des Standortes 
auf das Ausmass der Verträglichkeit ist bei Pflaumen so erheblich, dass einzelne Un- 
terlagen, wie z.B. Ackermann, die sich besonders gegensätzlich unter verschiedenen 
Lebensbedingungen verhalten, noch für bestimmte Standorte brauchbar sind.” The 
information gathered points to the conclusion that the prospects of Prunus cerasus as a 
rootstock for sweet cherries are not very hopeful. Meanwhile a few cherries on Prunus 
incisa as a rootstock were received from Mr. S. G. A. DOORENBOS. These plants showed 
a good union between scion and rootstock as can be seen in figure 1. It has therefore 
been decided to pursue the search for a dwarfing stock in this direction. Provided that 
further proof of compatibility can be obtained it seems likely that Prunus incisa will 
meet all requirements as a rootstock. According to Collingwood Ingram (2): “No 
cherry is more immune from disease or so seldom attacked by pests.”” The same author 
cites EB. H. WrLsoN who once wrote: “No cherry is more hardy, more floriferous.…” 

Propagation should not present any difficulties. For three years the author rooted 
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FIG, 1. SECTION OF THE UNION OF EARLY RIVERS WITH PRUNUS INCISA 


J. FLOOR 


FIG. 2. UNION OF EARLY RIVERS WITH PRUNUS KURILENSIS 


FIG. 3. SAME PLANT AS IN FIGURE 2, BUT THE UNION SEEN FROM THE SIDE OF THE SNAG 
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softwood cuttings of Prunus incisa and Prunus kurilensis under mist with practically 
100 per cent success. In addition there were indications that propagation by the etiola- 
tion method of layering is also possible. 


SELECTION IN PRUNUS INCISA AND PRUNUS KURILENSIS 


There were indications that the above mentioned cherries on Prunus incisa were too 
vigorous. Therefore further selection in Prunus incisa was found desirable. It was not 
easy to find initial material, because, as stated by COLLINGWOOD INGRAM, Prunus 
incisa readily crosses with other Prunus species. For this reason most seedlings of this 
species are actually hybrids and therefore of stronger growth than the pure species. At 
first selection was carried out in seedlings of Prunus incisa, resulting in 5 plants with a 
percentage bark in the roots higher than 50. These plants were discarded when seeds 
were received from Mr. S. G. A. DOORENBOS of Prunus incisa compacta, a weak growing 
form of this species. At the same time Mr. DOORENBOS provided scions and seeds from 
two different bushes of Prunus kurilensis, a cherry of still weaker growth than Prunus 
incisa. COLLINGWOOD INGRAM states that he has a specimen of Prunus kurilensis in his 
collection which is over 20 years old and still under 3 feet high. Meanwhile our plants 
of Prunus kurilensis proved to be not so very dwarf growing. Yet many seedlings of this 
species flowered in the spring of 1954, one year after sowing. All seedlings were planted 
out and budded with Early Rivers in the following summer. Plants that were too small 
were grafted or budded with the same variety a year later. Atotal of 69 budded rootstocks 
of Early Rivers on Prunus incisa compacta and 104 on both forms of Prunus kurilensis 
were obtained. Thirty per cent of these were 2 years old but in the severe winter of 1956 
the one year wood was frozen except for a few buds just above the union, so they may 
also be considered one year old. The plants were lifted in the autumn of 1956 to carry out 
a preliminary selection. All plants were tested for compatibility by attempting with some 
force to break them at the union. Eight out of 69 cherries on Prunus incisa and 24 out 
of 104 on Prunus kurilensis did not withstand this treatment. It was possible to break 
these plants because the union was defective on one side. In no case has a clean break 
been observed. Not all of the 141 remaining plants showed an equally good union 
between scion and rootstock, but in some selections the union was perfect as far as 
could be judged by the eye (Figs 2 and 3). It is planned to plant the bushes out under 
not too favourable orchard conditions to subject them to a reasonably severe test for 
compatibility. Root cuttings were taken from all plants to obtain an initial stock for 
rapid propagation if required. Before and after lifting, observations were made on 
growth, fruit bud formation and root system. The length of the 2-yr “budlings”’ which 
were partially frozen, averaged 1.60 m; the average length of l-yr “budlings”’ was 1.35 
m with fairly large deviations (Fig. 4). Fruit buds occurred as shown in table 1. 
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Fia. 4. ONE AND TWO YEAR BUDDED CHERRIES OF EARLY RIVERS ON PRUNUS INCISA 


TABLE 1. SURVEY OF THE NUMBER OF FRUIT BUDS ON THE ONE YEAR WOOD OF EARLY RIVERS ON PRUNUS 
INCISA AND PRUNUS KURILENSIS AS ROOTSTOCKS 


Len Dn of fruit buds 
Selections Number ed Rest - 
Ee 155 | so | 1013 
| iS alc 
Prunus MICA). or Re 69 8 ol wal of LEES 1 
Prunus kurilensis [sma 35 5 30 Sel & | 4 0) 
Prunus kurilensts lm 69 19 50 9 | et Bed: 5 


Finally observations were also made on the root-system. The distribution of the 
roots varied from all-sided to one-sided. In only a few cases was the root system defini- 
tely one-sided. Generally the root system was flat, but some selections had deeper 
rooting habits. In a few cases a combination of the two was observed. Furthermore 
great differences in the amount of fibre were observed. Only a few plants suckered. 

Summarizing it can be said that the results so far obtained justify the expectation 
that the selections under investigation will yield a useful dwarfing rootstock for cherries 
Their weak growth and exceptionally early fruit bud formation may make them also 
useful for breeding work. 
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SUMMARY 


The search for a weak growing form of Prunus avium met with no success. Tests in 
which various weak growing Prunus species were tried as a rootstock led to selection in 
Prunus incisa and Prunus kurilensis. Early Rivers on seedlings of these species made 
good growth with fruit buds on the one year wood. To judge from observations of one 
and two year old unions, the selection of a compatible rootstock shows promise. It has 
been pointed out that this selection may also be useful for breeding work. 


SAMENVATTING 


Verslag van het onderzoek naar een zwakgroeiende onderstam voor kersen 


De selectie in zaailingen van Limburgse boskriek heeft geen planten opgeleverd die 
van belang geacht kunnen worden voor verder onderzoek. Daarentegen hebben ocu- 
leerproeven van kersen op verschillende Prunus-soorten geleid tot selectie in Prunus in- 
cisa en Prunus kurilensis. Zodoende werden een aantal planten verkregen waarmede 
Early Rivers als 1- en 2-jarige oculatie een goede vergroeiing vertoont. Reeds op het 
éénjarige hout van deze planten werden bloemknoppen waargenomen. 

Genoemde selecties worden nader beproefd als zwakke onderstam voor kersen. 
Naar verondersteld wordt zullen zij ook goede diensten kunnen bewijzen bij verede- 
lingswerk. 
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TAXONOMIC VIEWPOINTS 


The cultivated carrot belongs to the genus Daucus L. This genus contains a great 
variety of wild forms. These grow mostly in the Mediterranean areas and in South 
West Asia, but some representatives are found in tropical Africa, Australia, New 
Zealand and the American continents. 

As far as known cultivated forms have only been derived from the species Daucus 
carota L. Classification of the wild forms of this species is difficult because of a more or 
less continuous variation in the material. But THELLUNG (20) classifies them in two 
groups (eucarota and gummiferi) each consisting of five main types (subspecies). Plants 
of the group eucarota are mostly annuals or biennials; this group comprises the sub- 
species maritimus, carota, maior, sativus (cultivated carrot), and maximus. Plants of the 
group gummiferi are often perennials but they die after flowering once; this group in- 
cludes the subspecies commutatis, hispanicus, fontanesii, bocconei and gummifer. 

Daucus carota s.sp. carota is the commonest wild carrot of Europe and S.W. Asia. 
Once it was generally thought to be the direct source of the cultivated carrot. In the 
last century an experiment was recorded, in which, in a few generations, a cultivated 
carrot was bred from seeds collected from wild plants. But in other experiments this 
result was not obtained, if the wild seeds were collected in an area where previous 
hybridization between the wild plants and cultivated carrots was excluded (16, 25). So 
it must be concluded that in the first mentioned experiment the wild plants which, after 
selection produced a cultivated form, did so only because they themselves had pre- 
viously been hybridized in nature with cultivated carrots. As the wild type of root is 
dominant over the cultivated type, the difference between a wild plant and a hybrid is 
not evident. 

THELLUNG (34, 35) has suggested that it is much more probable that the cultivated 
carrot has developed from a crossing between D. carota s.sp. carota and D. carota s.sp. 
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maximus. He bases this opinion on the observation that most of the morphological 
characters of the cultivated carrot are intermediate between those of the two sub- 
_ species mentioned. 

The subspecies maximus grows in inland regions round the Mediterranean. Accord- 
ing to VAviLov (36) there are gene-centres of Daucus carota in Asia Minor, Trans- 
caucasia, Iran and Turkmenistan, and in addition in N.W. India, Afghanistan, Tadji- 
kistan, Uzbekistan and western Tian-Shan. An unusually wide variety of cultivated 
forms is found in Anatolia. So it is possible that the subspecies sativus might have 
originated there. 


ANCIENT WRITINGS 


Studies in the history of horticulture have not revealed any indication that, in the 
ancient civilizations of Asia Minor, Egypt and Greece, the carrot had any importance 
as a food crop (16, 19, 23). It was certainly used as a medicinal herb, at least in Greece, 
but for this purpose improvement of the edibility of the root of the wild plants was un- 
necessary. 

It is very probable that at the time of the Romans our type of carrot was still un- 
known as a food crop. As this opinion is not in compliance with that of most authors 
on this subject, I shall have to discuss the validity of their arguments. 

REINHARDT (32) cites the poem ““moretum”’ of VERGILIUS (78-19 B.C.), from which it 
appears that in the garden of a simple Roman farmer several crops were grown, among 
which were cabbage, beetroot, leeks, and in his opinion, also carrot. Checking the text 
of this poem in the edition of the Loeb Classical Library (12) reveals that VERGILIUS 
mentions the siser, which probably is the skirret, but certainly not the carrot. 

REINHARDT (32) also cites PLiNrus (23-79 A.D.) from his Naturalis Historiae, to 
prove the existance of our cultivated carrot at that time. This quotation, according to 
REINHARDT, says that the emperor TIBERIUS (ruling from 14-37 A.D.) procured his 
carrots every year from a place in Germania. But here again the word siser is wrongly 
translated by carrot. That PLinrus did not speak here of our cultivated carrot is defi- 
nitely proved by his statement that the siser contains a hard and bitter core running 
through its whole length, which can be drawn out when it has been boiled, though 
nevertheless a great part of the bitterness remains (For PLINIUS see 17, 22, 31). 

PLINIUS also mentions a cultivated carrot (“pastinaca’’) that is sown at the beginning 
of the spring or autumn, and is fairly good in the first year, but better in the second 
though still very pungent. Evidently he speaks of a perennial type of root crop. If this 
really belongs to Daucus carota it might be a member of the group gummiferi, as in this 
group the perennial character is known. This perennial character and pungency have 
never been observed as a regular feature in our type of cultivated carrot. Therefore it is 
incorrect to identify this cultivated ““pastinaca”’ of Prinrus with our cultivated carrot, 
as many authors do (5, 16, 19, 30). 

PLINIUS knew another kind of ““pastinaca’’, which the Latins called Gallic pastinaca, 
and the Greeks called daucos. This contained some different forms. These, however, 
are not described in book XIX which treats horticulture, but in book XXV which dis- 
cusses medicinal plants. This proves that they did not belong to the food crops. Only 
the seed was used of all these forms, except one. The exception was the variety from 
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Creta, the root of which was valued. This was probably the so called Daucus creticus of 
ancient authors, which later was renamed Anthamanta cretensis L. as it was not a 
Daucus at all (10, 13, 20). Therefore, the conclusion of GrBAULT (16), that the Romans 
used our cultivated carrot, and that the adjective Gallie might suggest its origin in the 
Gallic lands (e.g. France) is not well founded. 

GrBAULT (16) also thought to have recognized carrots in a reproduction of a mural 
painting of the Roman town Pompei, that was covered by lava from Vesuvius in the 
year 79 A.D., and excavated in recent times. However, by checking the reproduction in 
Pitture d’Ercolano (1), one can be certain that the foliage of the two bunches of roots 
painted is not Daucus carota foliage. 

So, of all the arguments I found none is valid. The Romans certainly grew crops 
with fleshy roots; possibly even some kind of perennial Daucus though this is not at all 
certain; but there is no indication that they knew our type of cultivated carrot (Daucus 
carota s.sp. sativa). 

As the Romans carried on an extensive trade with a large part of the world, and 
brought to Italy anything of value, it is very probable that it was not present anywhere 
else at that time. 


REVIVAL OF ROMAN SCIENCE IN EARLY-MEDIAEVAL EUROPE 


After the deterioration of the Pax Romana in the fifth century the direct Roman in- 
fluence in western Europe ended. For a number of centuries the situation was rather 
troubled and chaotic. But from the eighth and ninth century onwards monks from the 
south penetrated into the more northern European countries to bring Christianity, but 
also knowledge and crops from the declined Roman Empire. CHARLEMAGNE tempora- 
rily restored much of the former Roman political unity in continental western Europe. 
He reigned from 768-814, and did a lot to further agriculture and horticulture with the 
aid of the old Roman knowledge revived by the monks. 

This is testified by a number of writings, the contents of which I have studied through 
VON FISCHER-BENZON (13). 

This author mentions first the Hermeneumata. These were originally Roman instruc- 
tion books for schools, and afterwards periodically copied by successive generations of 
monks. Among other things they contain a list of names of vegetables in Greek and 
Latin, and they say that the Latin name pastinaca is considered a synonym of the Greek 
names stafilinos, karota and daukos. But they do not tell us what kind of root crops are 
indicated by these names. 

Then there are some communications from the ninth century. Two inventories of 
gardens from the time of CHARLEMAGNE have been saved. They contain several names 
of vegetables but nothing which reminds of a carrot. The Capitulare de villis imperiali- 
bus of CHARLEMAGNE is also known. This is a kind of instruction book describing the 
plants that he wanted grown in gardens. It mentions carvitas and pastinacas. It is 
assumed that these names mean carrot and parsnip respectively. Carvitas is thought 
to be a faulty copy of the name caroita which comes from carota. In the 14th century a 
carrot was called garroite in France (See 16). Here the o was also replaced by oi. But it 
is not certain, of course, that carvitas was originally caroitas. 

From the above it is clear that the Greek-Roman names carota (or carvita) and 
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pastinaca were adopted, and probably the plants the Romans indicated by these names 
_as well. There is no proof that they were actually grown. But if they were, it is still un- 
certain which plants they really were. 

There are also communications from two monasteries. WALAFRIDUS STRABUS (807- 
849), who became abbot of the Benedictine monastery at Reichenau in 843, composed 
a hymn on agronomy and horticulture and on the plants grown then, but he did not 
mention anything that might be a carrot or a parsnip. In the building plan for a new 
monastery at St. Gallen near the lake Constance, which also contained the planting 
scheme for a vegetable garden, the name pastinachus is mentioned. What plant was 
meant is again uncertain. It may have been the parspip or another plant the Romans 
called pastinaca. 

The problem here is similar to that presented by the ancient Roman writings. There 
is no evidence that our type of cultivated carrot was known. Probably, with the revival 
of Roman science there was also a return of several plants known to the Romans. 

That the carrot was not indigenous in Europe at that time is confirmed by the inven- 
tory of plants in the “Physica” of the holy HiLpEGARD, who lived from 1098-1179, and 
was abbess of convents at Disibodenberg and Bingen. In this inventory the parsnip is 
mentioned (under the Latin name Pastinaca and the German name Morkrut), but not 
the carrot. 


PREHISTORIC SEED FINDS IN EUROPE 


Since a few millennia B.C. agriculture has been practised on the loess lands north 
and west of the Danube, stretching from Hungary to Northern Germany and from 
Galicia to Belgium and the south eastern point of the Netherlands, and on the black 
earth areas from the Balkans to the Dnieper in Southern Russia (6). During this long 
period there must have been ample opportunity to find a useful type of wild carrot, to 
improve it and derive a form worthy of cultivation from it. Indeed some authors have 
claimed the existence of an indigenous cultivated carrot in Europe before the time of 
the Romans (BERTSCH, 4). 

They base this conclusion on the fact that Daucus seeds were found in some exca- 
vations of neolithic and bronze age sites in Switzerland and Southern Germany. 


NEUWEILER (27) found a dozen seeds at the Utoquai in Zürich dating from about 2000-3000 B.C., 
and small quantities of seeds in many places in the ancient lake dwelling “Sumpf” near Zug from the 
late bronze period. In one case these Daucus seeds were sticking to a potsherd together with seeds of 
spelt, barley, broad beans and some other plants. This suggests that the Daucus seeds were not 


present by chance but had been put there intentionally. 
BERTSCH (3) found two seeds on a neolithic site in the Schussen valley near Ravensburg, and he 


cites a find of seven seeds in a late neolithic lake dwelling in the Lake Constance. 
NEUWEILER (27) also found some seeds at sites of ancient Celtic and Roman settlements in Switzer- 


land. 


From this evidence (especially Sumpf) it seems plausible to conclude that Daucus 
seeds were intentionally collected for human use at that time, but there is no proof, 
that they were collected for cultivation. Since it is known that in ancient times Daucus 
seeds were very generally used for medicinal purposes, it is much more probable that 
they were collected for medicinal use. The fact, that there is no definite evidence that 
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the Romans or the Europeans at the time of CHARLEMAGNE knew our kind of cultivated 
carrot supports this opinion. 


PURPLE AND YELLOW CARROTS FROM THE ARAB COUNTRIES 


The first clear description of carrots which are related to our present cultivated types 
comes from the Arab countries after the spread of Mohammedanism. 

LAUFER (24) who studied the history of cultivated plants in Iran and China, con- 
cluded, after having criticized earlier authors, that the Persians became acquainted 
with the cultivated carrot in the 10th century A.D. He is of the opinion that there is no 
valid evidence that the carrot was known in India before that time. He cites a Chinese 
author who says that the carrot was introduced into China during the Yuan dynasty 
(A.D. 1260-1367), probably from Iran. 

The communications of the Arab author IBN-AL-AWAM (7) are very interesting. He 
wrote a book on agriculture in Spain in the 12th century A.D., and cited still older 
authors. He includes pieces from a book on Nabathean agriculture, which according 
to CLÉMENT-MULLET (a translator of the book of Ar-AWAM) was composed in the 
10th century. The Nabatheans lived in the north-west fringe of Arabia, but the data in 
his book may apply to all Asia Minor. 

According to this book the carrot is a plant the root of which is eaten, but not the 
foliage. There are two kinds, one is red, which is the most juicy and tasty, and the 
other has a green colour blending into yellow; the latter is coarser than the former. In 
the climate of Babylonia they are sown between August 26 and October 5, and grown 
during the winter season. Warmth deteriorates their tastiness and makes them acrid, 
whereas cold, irrigation with fresh water, frequent northern winds, and even snow are 
favourable. The carrot is eaten with vinegar, salt, olive oil, and certain vegetables or 
cereals. The common people also eat it instead of bread. 

At Sevilla, in the Arab part of Spain, the carrots were also grown during the winter 
season. 

During the following centuries more and more communications on carrots appeared 
in Europe. As the types that are described in the book of the Nabatheans can be re- 
cognized in the early European descriptions, and even many of the cooking recipes 
are more or less the same, it seems highly probable that the European carrots have been 
developed from material originating from the Arab countries. 

Written documents prove the acquaintance with carrots in the 13th century in 
Italy, in the 14th century in France, Germany and the Netherlands, and in the 15th 
century in England. 


PIER DE CRESCENZI (8), an Italian writer on husbandry, who lived 1231-1320, and probably wrote 
just after 1300, mentioned Pastinaca sylvestris, Daucus creticus, and a third ‘pastinaca’ that was red, 
and could be eaten raw, or cooked with turnips as a beautifully red compote. 

GIBAULT (16) quoted from a 14th century French book, titled Ménager de Paris ““Carrots are red 
roots which are bought in the market in bunches, and in every bunch a white one”. 

From the papers of a guild from the 14th century at Lübeck in Germany it appears, according to 
HOFMANN (21), that onions, garlic, cabbage, turnips, a kind of peas (‘krickelarften’) and carrots were 
grown there by the vegetable growers. 

According to SANGERS (33) in the 14th century onions, garlic, cabbage and carrots were grown 
around most towns in the Netherlands. In 15th century documents from a convent at Rijnsburg near 


58 


ORIGIN OF THE EUROPEAN CULTIVATED CARROT 


Leyden he saw that the inhabitants had eaten ‘white carrots’ (probably parsnips) and red carrots. 
ALICIA AMHERST (2) states that in a list of plants at the beginning of an English book of cooking 


_ recipes from the 15th century, under the heading ‘rotys for a gardyn’, karettes — carrots are also 
mentioned. 


More detailed indications are found in some herbals and botanical works from the 
16th, 17th and 18th centuries. A survey of the names, descriptions and drawings given 
herein has been composed in table 1. 

As in the book of the Nabatheans, two types of carrots are described, a red type and 
a yellow one. From the colour-indications “brown red”, “blackish red”, “atrorubens’”’ 
or “atrorubente” (— dark red), and “redder than a red beet”, it is evident that the 
carrots that formerly were called red, were indeed purple, like red beet and red cabba- 
ge. In several writings of a somewhat later period, which will be discussed ín a follow- 
ing article, it is said that the purple carrot is tender, juicy and tasty. 

Orange red carrots appear at a much later date. As the first specimens of this new 
type were not praised for their tastiness or tenderness, the qualifications “tasty” and 
“tender” in writings prior to about 1700, given to a “red” carrot are another indication 
that the purple carrot is meant. Consequently the “red” carrot in the book of the Na- 
batheans must also be a purple one. In Egypt today they still grow a carrot variety 
with ““small purple roots which are sweet and tender” (24a). 

Lastly the following cooking recipes suggest a strong relation to the Nabathean re- 
cipe. 

De Virre (37) writes in 1680: the roots are eaten fried or cooked with oil, salt or 
vinegar. 

ELSSHOLTZ (11) says in 1684 that the Walloons, the French, the Brabanders, and the 
Hollanders cook the purple carrot in the ordinary way, or they make a winter salad 
from it. Therefore they are first cooked until soft in water, then peeled and sliced, and 
then vinegar, oil, salt and pepper are added. They can also be fried in different ways 
with butter and onions, or with flour and butter. 

Similar recipes are found in the herbal of ZwiNGER (38). 

In conclusion it may be stated that all the evidence produced makes it highly pro- 
bable that the initial European carrot material originally came from the Arab coun- 
tries. The first carrots may indeed have been selected in the gene-centre of Anatolia. 
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SUMMARY 


1. Ancieat and modern literature, as far as accessible to the author, has been studied 
to find indications of the origin of the European cultivated carrot. 

2. Contrary to most writers on the same subject, it is concluded that there is no evi- 
dence that our type of cultivated carrot (Daucus carota s.sp. sativa) was known 
to the Romans, or to the Europeans at the time of CHARLEMAGNE (+ 800 A.D.) or 
before. 
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Time, 
Author focality Purple carrot Yellow carrot 
Fucns (14) 1543 Carote or Red Carrot | Yellow Carrot 
Germany (Pastinaca sativa prima) (Pastinaca sativa altera) 
Root long and brown red. Root long and yellow. 
DoODpOENs (9) 1554 Red Carrot or Carote Yellow Carrot 
Belgium (Staphylinus niger) (Staphylinus luteus) 
Mecheln Root long, thick, internally Root long, thick, internally 
and externally brown red. and externally yellow. 
GERARDE (15) 1597 Red Carrot or Black Carrot Yellow Carrot 
England (Pastinaca sativus tenuifolia) (Pastinaca sativus tenuifolia) 
London Root long, thick, single, of | Root long, thick, single, of 
a blackish red colour. a fair yellow colour. 
| 
PARKINSON 1640 Common Red Carrots Common Yellow Carrots 
(29) England (Pastinaca sativa altera te- (P. tenuifolia sativa lutea). 
London nuifolia atrorubens). 


Author 


Time, 
locality 


Purple carrot 
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Yellow carrot 


voanrem 


MUNTING (26) 1672 Red Carrot Yellow carrot 
Netherlands (Daucus sativus radice ru- \ (Daucus sativus radice lu- 
Groningen bra) tea) 
De Vire (37) 1680 Red Carrot 
France (Pastinaca tenuifolia sativa, 
Lyon radice atrorubente) 
Ny, 
NYLANDT (28) 1682 Yellow Carrot 
Netherlands (Pastinaca tenuifolia sativa 
Amsterdam lutea) 
Root long, thick. 
ZWINGER (38) 1774 Red Carrot Yellow Carrot 
Switzerland (Pastinaca tenuifolia, sativa (Pastinaca tenuifolia sativa, 
Basel radice atrorubente or Carota radice lutea vel alba or Pas- 


rubra) 

Root as large or larger than 
that of the yellow carrot; 
completely red, even much 
redder than the root of the 
red beet. 


tinaca sativa lutea) 
Root one foot long, round, 
juicy, thick, yellow. 


mk 
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It is highly probable that the initial European carrot material originally came from 
the Arab countries, and found its way into Europe in about the 13th and 14th cen- 
turies. 


SAMENVATTING 


Oorsprong van de Europese cultuurwortel 


. Oude en nieuwe literatuur, voor zover toegankelijk voor de schrijver, is bestudeerd 


om aanwijzingen te vinden over de oorsprong van de Europese cultuurwortel. 


„In tegenstelling met de meeste schrijvers over hetzelfde onderwerp, wordt geconclu- 


deerd dat er geen houdbaar bewijs is dat ons type cultuurwortel (Daucus carota 
s.sp. sativa) reeds bekend was aan de Romeinen of aan de Europeanen ten tijde van 
KAREL DE GROTE (+ 800 n. Chr.) of daarvoor. 

Het is zeer waarschijnlijk dat het eerste Europese wortelmateriaal in oorsprong af- 
komstig was uit de Arabische landen, en zijn weg in Europa heeft gevonden om- 
streeks de 13e en 14e eeuw. 
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INTRODUCTION 


In a former article (5) it was shown that it is highly probable that the original Euro- 
pean carrot material was imported from the Arab countries about the 13th or 14th 
century. This original material consisted of two types, one purple, the other yellow. 

The purple type used to be called “red” like red cabbage and red beet, until about 
1700. Later, when the purple carrot was more or less forgotten, the word “red” was 
used for the orange carrot, which came into existence later. 

In the following article the development from the original material to the first orange 
red carrots is traced. 


HISTORY OF THE PURPLE CARROT IN EUROPE 


We have seen that the “red” carrot was mentioned in Italy at about the end of the 
13th or the beginning of the 14th century. Venice had an important trade with the 
Arab countries at that time. Therefore it is quite possible that the purple carrot entered 
Italy through this channel, and found its way from here into France, where it was men- 
tioned in the 14th century. Later, in 1744, ZwINGER (33) writes that the “red” carrot 
was first an Italian garden crop, and later also grown in Switzerland. 

According to AL-AWAM (10) carrots were grown near Sevilla in Spain in the 12th 
century, but he does not specify the varieties. As the purple variety was the best of the 
two at that time, why should not they have grown the purple one? Therefore the purple 
carrot may have had a second introduction into France from Spain. 

In the Netherlands the “red” carrot was mentioned in the 15th century. It is very 
probable that it had come from France, for its specific Dutch name until some time in 
the 16th century was the French word carote. 
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FIG. 1. DETAIL OF MARKET 
SCENE BY NICOLAAS MAES 
(1634-1693). A woman 
selling cabbages and bun- 
ches of carrots in the 
market of Dordrecht. 
The colour of the darkest 
carrots is purple, that of 
the lightest is yellow. 
Courtesy 


Rijksmuseum, 
Amsterdam ( Neth.) 


In Germany the purple carrot probably spread at the end of the 17th or in the first 
part of the 18th century. For in 1684 ErssHoLTz (15) said that the “red” carrot was 
well known by the Walloons, the French, the Brabanders and the Hollanders, but the 
Germans were not very well acquainted with it, whereas HESSEN (19) in 1740 wrote a 
whole paragraph on its use in Germany. The purple carrot was then called in Germany 
Holländische carotte. This suggests that the purple carrot had been introduced into 
Germany from Holland. HESSEN’s remark that the best seed came from Holland, 
suggests that the purple carrot was sufficiently important in the Netherlands at that 
time to give its production and selection due care. 

I did not find any indication that the purple carrot was grown in England as a real 
garden crop. It is mentioned, of course, in the herbals of GERARDE (17) and PARKINSON 
(28) but not by a horticulturist like GARDINER (18) writing in 1603. Paiuip Mirrer (25), 
in 1768, discusses it as a curiosity only, which he grew from seeds he had received from 
Aleppo in Syria. 

The seed firm of SUTTON & SON at Reading (Eng.) had the Long Purple in their cata- 
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logue in 1872 and 1874, with the remark “French import”; PETER LAWSON & SON, 
Edinburgh, carried the Purple from 1854-1859. Evidently they had this type only 
temporarily and also more or less as a curiosity. 

Now we shall turn to a more detailed discussion of its role in horticulture in France, 
the Netherlands and Germany. 

Ás has been cited before, in 14th century France, bunches of “red” carrots could be 
bought in the markets. This could only have been possible if they were regularly culti- 
vated. In 1684 ErssHOLTZ said that the French knew very well how to make use of the 
purple carrot, but in 1752 DE COMBLES (11) stated, that it had never been very popular 
in France, however good its taste. He thought the reason was, that its anthocyanin 
pigment coloured the soups or ragouts to which it was added. 

This objection was repeated by later authors, e.g. by NoIserre in 1825 (26). Jorg- 
NEAUX (20, 21) described another one: after cooking the root turns a dirty yellow 
colour. Some authors complained that the plants bolted too quickly (2, 4), others said 
that they had no trouble in this respect (21). But NoIsETTE'’s remarks showed that there 
were varietal differences. The Long Red and the so called Round Red! did not bolt when 
grown in the summer; they, evidently, were already adapted to the more northern 
growing conditions. But the Violette d' Espagne, and also a variety from Provence in 
southern France (possibly similar), bolted in summer cultures in more northern regions 
of France. 

An investigation made at the Institute of Horticultural Plant Breeding, Wageningen, 
showed that this may be caused by a difference in sensitivity to day length (BRAAK, 8). 
The usual varieties of north-west Europe are insensitive in this respect. They run to 
seed after vernalization by cold. But several varieties, indigenous to the Mediterranean 
and Asia Minor, are sensitive to day length and rapidly bolt when grown at Wagenin- 
gen. 

During the 19th century the catalogues of several French seed firms mentioned the 
Carotte Violette or Carotte Violette Longue. After 1900 this name disappeared and was 
replaced by Carotte Longue Rouge Sang, the Long Bloodred, which was also purple. A 
picture of it was given by VILMORIN-ANDRIEUX & Co, Paris (Fr.) (see Fig. 3). This firm 
classified the variety in 1904 with the forage carrots, where it was still found in 1925. 

According to HESSEN the purple carrot must have been of importance in the Nether- 
lands. It can also be found in paintings of old Dutch masters, e.g. in a painting by 
PIETER AERTSEN (1509-1575) dated 1559 (Fig. 2), and in a market scene by N. MAES 
(1634-1693) from the 17th century (Fig. 1). 

Evidently, in the 17th century it was still quite usual for purple carrots to be sold in 
a Dutch market. In 1721 pu Vrvie (32) said that “red” carrots were eaten in the Nether- 
lands as a winter salad. Later authors do not mention the purple carrot any more. It is 
true that UILKENS (31) in 1855 used three names of purple carrots in his survey of carrot 
varieties, but this survey gives the impression of a list of all the variety names found by 
him in international literature, rather than varieties actually grown in the Netherlands. 

Nevertheless, the purple carrot seems to have been retained by some growers in the 
southern part of Holland and in Belgium till very recent times. This is apparent from 
an article by Dicks (13) in 1924, in which he says that a long, dark-violet variety, 
called Brabanter, was grown in Belgium and the southern part of the Netherlands. It 

1) This variety was not round, but relatively short, top-shaped. 
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Fig: 2. DETAIL OF THE PAINTING “CHRIST AND THE 
ADULTERESS’’ MADE AT AMSTERDAM IN 1559 BY PIETER 
AERTSEN (1509-1575). In the foreground is a market 
scene, where vegetables are offered for sale, among 
which are carrots. The colour of the dark carrots is 
purple, that of the light ones is yellow. 


Courtesy Städelsches Kunstinstitut, 
Fig. 3 Frankfurt am Main (Germany) 


FIG. 3. LONG BLOODRED (LONGUE ROUGE SANG, VICTORIA), A VARIETY OF THE PURPLE CARROT. 
Drawing published by Vilmorin Andrieux & Cie, Paris (France) 


makes a popular dish cut and dressed like red cabbage, he wrote. About 1935 NIEK 
ZWAAN, from Enkhuizen, found a purple carrot being grown in the south-eastern part 
of the Netherlands. After re-selection, he introduced it in 1946 into the trade under the 
name of Wobbie, but the commercial vegetable growers were not very interested in it. 
We ourselves found a grower in 1949 who had retained the purple carrot. Both looked 
like Long Bloodred. A. variety Brabant Violet Autumn figured during the years 1917 
1920 in the seed catalogue of SLuIs & GROOT, Enkhuizen. 

HESSEN (19), in Germany, stated in 1740, that a large area of the purple variety of 
carrot was not needed, as it was only used for preservation and for colouring food. 
CALWER (9) in 1852 mentioned a large and a small purple variety, without further 
commentary. 

In the second half of the 19th and the beginning of the 20th century, several German 
seed firms carried a purple variety. BENARY, Erfurt, mentioned Violet, New Violet or 
Long Violet from 1844-1900; from 1900-1919 or later these names are replaced by 
Victoria Long Bloodred. This evidently was the same as the Carotte Longue Rouge Sang, 
for HEINEMANN, Erfurt, gave VILMORIN'’s picture of figure 3 with the name Victoria. 

Summarizing, it may be said that: 


a. The purple carrot played a role in France during the 14th-17th centuries, in the 
Netherlands during the 15th-18th centuries, and in Germany during the 18th and 
possibly the 19th centuries. 

b. In France and the Netherlands the purple variety was in the beginning probably the 
main type grown. 
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Fi. 4. DETAIL OF A PAINTING BY 
FLORIS VAN DIJCK (1575-1651). 
Yellow carrots. 

Courtesy 


Rijksmuseum, 
Amsterdam ( Neth.) 


Fia. 5. DETAIL OF A PAINTING 

‘“YOUNG MOTHER WITH CRADLE'’ 

MADE IN 1658 BY GERARD DOU 

(1613-1675). Yellow carrots. 
Courtesy 


Museum Mauritshuis, 
The Hague ( Neth.) 


c. Later on, when other types appeared, its use was limited. In Germany it was intro- 
duced when this phase of limited use had been reached. 


If the drawings of FucHs and DODOENs are compared with those of the later her- 
balists and with the pictures in figures 1, 2 and 3, one gains the impression that the 
shape of the purple carrot was considerably improved during the 16th and 17th cen- 
turies. But it is doubtful whether the carrots at the time of FUCHS and DODOENS were as 
bad as their drawings suggest. The carrots painted in 1559 by PIETER AERTSEN already 
had a very good shape. As the herbalists drew plants complete with flower stalks, it is 
quite possible that the pictures of FUCHS and DODOENS just represent the badly devel- 


oped root of an early bolter. Their character suggests so. 
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Fig. 6 Fig. 7 


FIG. 6. DETAIL OF THE PAINTING “JESUS IN THE HOUSE OF MARTHA AND MARIA” BY PIETER AERTSEN 
(1509-1575), MADE IN 1553 PROBABLY AT ANTWERP, WHERE HE WORKED TILL 1555. In the 
foreground a kitchenscene with ordinary people, and also two yellow coloured carrots, 
which are very long in proportion to their diameter; the shoulders are relatively narrow. 

Courtesy Museum Boymans, Rotterdam ( Neth.) 

Fig. 7. “WOMAN SCRAPING CARROTS’’ BY GERARD DOU (1613-1675), AT LEYDEN. The carrots are 

yellow with a tinge of orange. Courtesy Staatliches Museum, Schwerin (Germany) 


DEVELOPMENT OF THE YELLOW CARROT 


According to the description by AL-AwAM the Arab yellow carrot had a green co- 
lour blending into yellow. As every carrot becomes green as far as it grows above the 
soil, this evidently was a type that largely grew above ground. 

The entry of this carrot into Europe is not so clear as in the case of the purple carrot. 
But the first signs of its presence as a horticultural crop are found in the Netherlands in 
the 16th century. According to BLINK (7) the yellow carrots from Hoorn were already 
famous for their quality in the Netherlands in the 16th century. Two pictures of the 
Netherlands painter PIETER AERTSEN (1509-1575) show that their shape was quite 
regular. There were two yellow types. Figures 4 and 5 show a common, long, conical 
shape, figure 6 shows a narrow shouldered type that is very long in proportion to its 
diameter; the latter was painted at Antwerp, Belgium. 

The shape of the yellow carrots in the drawings from the herbals of GERARDE (27) 
and PARKINSON (28) corresponds to that in figures 4 and 5. The same shape is also 
found in figures 7, 9 and 10. 

The yellow carrots gradually superseded the purple. On reading DODOENs and 
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GERARDE (16th century) one gains the impression that they payed most attention to 
the yellow carrots. In the 17th century there are several authors who discuss only the 
yellow carrots, and not the purple. 

In 1603 GARDINER (18) in England only mentioned two cultivated varieties, the 
Great Long Yellow Carrot and the Great Short Carrot. Involuntary one tends to recog- 
nize the two types painted by PIETER AERTSEN. In 1682 NyLANDT (27) in the Nether- 
lands spoke only of the yellow carrot. In 1684 ELsSHOLTZ (15) mentioned the yellow 
carrot as the only one that was fairly common in Germany. In 1697 DE LA QUINTINYE 
(30) in France wrote about the yellow carrot but not the purple one. In the 18th 
century the yellow carrot was generally described as the most popular for kitchen pur- 
poses (1, 3, 12, 19). Paire Mircer (25) said in 1768 that in England the yellow carrot 
was generally grown for kitchen use, but in London the orange carrot was preferred 
to all others. In France two yellow varieties were known, the Long Yellow and the so 
called Round Yellow, which in fact was a relatively short top-shaped type. In Germany 
HESSEN mentioned two short varieties only, the Holländische Weisse Gelbe Kurze Dicke 
(which he said had the better quality of the two), and the Quedlinburgische Weiss Gelbe 
Kurze Frühe. 

In the first half of the 19th century the yellow carrot was still widely grown for win- 
ter use, but gradually it declined to the position of cattle-food. In the country, however, 
it was used for human consumption during the winter until the beginning of the 20th 
century. Many appreciated its mild flavour, but, eventually, it was definitely replaced 
by the orange red carrot. 


HAVE THE WHITE CULTIVATED CARROTS BEEN DERIVED FROM THE YELLOW? 


PARKINSON (28) said in 1640 that he had seen that the yellow carrot, when sown, 
sometimes became white. This suggests a genetical segregation of white carrots from 
the yellow. 

Furthermore, white cultivated carrots were not mentioned in the herbals of the 16th 
and 17th centuries. NYLANDT (27) described in 1682 what he called a “White Carrot”, 
but this was a parsnip. This is clear from the details he gave, and from its Latin name 
Pastinaca latifolia sativa whereas that of the carrot was Pastinaca tenuifolia sativa. 

Prior to the end of the 17th century there is no evidence from which the existance of 
white cultivated carrots can be derived with certainty. In 1684 ErssHoLTz (15) in 
Germany discussed the parsnip and the carrot. He mentioned yellow, white and purple 
types of the carrot. In his opinion the white were inferior to the yellow and not popular 
in Germany. According to later German authors (6, 9) they have never become popular 
there, though LANGETHAL (22) stated that in the country in South-Germany they were 
still used for human consumption in the second half of the 19th century. In 1697 De LA 
QUITINYE (30) in France mentioned two garden carrots, the yellow and the white. Later 
French authors recommended white carrots for kitchen use throughout the 18th cen- 
tury (1,3, 11, 23, 24). But gradually they gave way to the yellow. In 1825 NoIsetTe (26) 
still mentioned the Long White and the Short White, but he said that they were not so 
good and little grown. Later the white carrot was no longer recommended for kitchen 
use. 

In the Netherlands the white carrot has not been important as a root vegetable. In 
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1721 it was mentioned by Du Vrvre (32), with the remark that it was more nourishing 
than other types of carrots; in 1763 DE LA COURT VAN DER VOORT (12) classified it as 
the most unpalatable of the carrots. 

According to Primi Mirre (25) in the 18th century white carrots were not widely 
grown in England. HeNrr Parres (29) in 1822 wrote: “The white carrot, or carotte 
blanche of the French, is but little known in our markets, and seldom grown, excepting 
by those families who are fond of French dishes.” 

Summarizing, it seems certain that the white cultivated carrot is of a later date than 
the yellow. The observation made by PARKINSON, cited above, suggests the possibility 
that it may have segregated from the yellow, after hybridization with the wild white 
carrot or not. Only in France was it esteemed (and probably improved) for kitchen 
use. 


THE FIRST APPEARANCE OF THE RED-ORANGE CARROTS 


The first evidence from writings on orange-yellow or red-orange carrots is from the 
18th century. 

Du Vrvre (32) in 1721 in the Netherlands made a distinction between Pale-yellow and 
Reddish-yellow carrots, both of which were simultaneously mentioned as being exten- 
sively used in the kitchen, cooked with meat. By 1763 four types of orange coloured 
carrots had been developed in the Netherlands. P. DE LA COURT VAN DER VOORT (12) 
then gave the following classification: 


1. Long yellow carrots, also called “Leyden carrots”’; three varieties. 

L.l Long Yellow, the most savoury. 

1.2 Redder of this type, thicker, more watery, not as savoury as 1.1. 

1.3 Roep, nearly white, the quickest grower, but unsavoury. 

2. “Horn Carrots”, shorter and more orange coloured. 

2.1 Late Horn, pale-orange, somewhat longer than 2.2 and less watery than 2.2 and 
Led, 

2.2 Half-long Horn (Utrecht-Horn seed), more orange coloured than 2.1, in length 
between 2.1 and 2.3; for early summer culture; before it is completely fullgrown 
very sweet and savoury, but in a fullgrown condition watery. | 

2.3 Short Horn, more orange coloured than 2.1, very short, therefore suited for 
cultivation on heating manure; before it is completely fullgrown very sweet and 
savoury, but in a fullgrown condition watery. 


Evidence from paintings is of an earlier date. Orange coloured carrots are found in 
a number of Dutch pictures from the 17th century already. 

Figure 9 gives a detail from a picture of P. C. vAN Ruck (1568-1633), probably 
painted at Delft between 1604 and 1633. The shape of the carrots is rather uniform, 
but the colour is variable. Most are yellow, but two or three are a reddish colour and 
one is whitish. They look exactly like a population more or less homogeneous for shape 
but segregating for colour. This painting seems to give a reason why DE LA COURT VAN 
DER Voor classified Long Yellow, “Redder of this kind” and the whitish Roep all 
under the heading Long Yellow. Evidently they had all arisen from it during the 17th 
century. 
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Fi. 8. DETAIL OF “THE QUACKSALVER'', A MARKET 
SCENE AT LEYDEN BY GERARD DOU (1613-1675). 
The carrots in the wheelbarrow are orange-yellow. 
They look sowewhat like the variety Late Horn. 

Courtesy Museum Boymans, Rotterdam ( Neth.) 


There is also a painting of a woman sel- 
ling vegetables, by J. WTTEwAEL (1566-1638) 
at Utrecht (Neth.) of about 1618 (Central 
Museum, Utrecht) that shows long carrots 
of about the same shape as those mentioned 
above, and again varying in colour. Three 
of themare purple, four are yellow, and four 
red-orange. Here are too many colours to 
believe that this is a genetical segregation. 

Figure 10 gives a detail from another 
picture by P. C. VAN Rick, painted in 1621. 
These carrots are pale orange-yellow. They 
look like Long Orange. 

Figure 8 is from a market scene of 1652, painted by GERARD Dou (1613-1675). The 
carrots in the wheelbarrow are orange-yellow. They look like the variety Late Horn. 
Another painting by GERARD Dou, “Old woman with boy” (private collection of Mrs. 
À. E. VAN BEUNINGEN-CHARLOUIS, Vierhouten), apparently shows the same wheel- 
barrow with the same type of orange-yellow carrots (possibly even the same individual 
carrots). As it is known that this painting was made about 1650, that of figure 8 may 
also be of that time. 

The carrots in figure ll are from a picture by GERRIT VAN BATTEM (1636-1684). 
They are red-orange, and of a finer type. They look like Half-long Horn. 

So it does not seem too bold a statement to say that in the Netherlands during the 
17th century the varieties Late Horn, and Half-long Horn were developed, whereas the 
Short Horn probably was not produced before the 18th century. 
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‚FIG. 9. DETAIL OF A PAINTING 
BY P. C. VAN RIJCK (1568-1633) 
PROBABLY MADE BETWEEN 1604 
AND 1633 AT HAARLEM. Most of 
the carrots in this picture are 
yellow, but two or three are of a 
reddishcolourandone is whitish. 

Courtesy 


Rijksmuseum, 
Amsterdam ( Neth.) 


FIG. 10. DETAIL OF A KITCHEN 
SCENE, PAINTED BY P. C. VAN RIJCK 
(1568-1633) IN 1621. The colour 
of the carrots is pale orange vel- 
low. 


Courtesy 
Frans Hals Museum, 
Haarlem ( Neth.) 


Fig. 11. DETAIL OF A PAINTING BY 
GERRIT VAN BATTEM (1636-1684), 
POSSIBLY MADE AT UTRECHT. 
The carrots are red-orange, and 
of a finer type than those shown 
in the foregoing pictures. This 
may be the variety Half-long 
Horn. 
Courtesy 


Museum Boymans, 
Rotterdam ( Neth.) 
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The origin of the long orange carrot is not very clear. According to the paintings I 
have mentioned there were two types of long orange carrots as early as about 1600. 
One type was red-orange. The other was orange-yellow. There are indications that in 
the beginning the red-orange carrots were not as palatable as the yellow ones. There- 
fore I am inclined to think that a qualitatively improved long orange carrot has been 
produced by selecting orange roots from the yellow type possibly after artificial or 
spontaneous crossings with the red-orange type. Then the origin of the first red- 
orange carrots is still dark of course, but an explanation is found for the following 
facts: 


a. The long orange-yellow type was more popular than the long red-orange type. 

b. During the 17th and 18th centuries the colour of the long orange-yellow carrots 
gradually improved from pale-orange into red-orange, whereas the type that was 
red-orange at about 1600, evidently was discarded. 


In Germany the first sign of the existence of a red-orange carrot is the description 
given by HESSEN (19) in 1740 of the variety Brunsvic. This was described as long and of 
a red-yellow colour. The quality was not yet too good, for, according to HESSEN, it was 
dry, hard, and coarse, and more suited to the fattening of pigs, than to human con- 
sumption. ELSSHOLTZ (15) in 1684 did not mention an orange coloured carrot, so the 
Brunsvic may have come into use between 1684 and 1740. 

In England the Orange Carrot existed in 1768, and probably earlier, for in London 
it was preferred at that time to all other, according to Paiip Mirrer (25). As, on the 
other hand, the preference was limited to London, it probably at that time had not 
spread all over the country. As carrots had been imported already for a long time from 
the continent (18) originally it may have come from there. 

In France the orange red carrot is not mentioned in the many writings before 1775. 
But in 1775 B., M. L. (3) said that the Long Red came into fashion. He added that it 
was very good, but not so thick, and its strong taste did not please everybody. Towards 
the end of the 18th and the beginning of the 19th century appreciative communications 
on the Horn carrots were found; also the Long Red was accepted more and more. In 1822 
Madame ADANSON (2) preferred the Long Red because of its quality and its yield. 

In 1825 NorsetTe (26) defined the orange-yellow carrot as a sub-variety of the yellow 
with the same qualities. 

From the evidence produced it seems safe to conclude: 


a. That the orange carrots fit for kitchen use were gradually developed from the yellow 
by selection. 

b. The first orange coloured garden carrots were produced in the Netherlands. Late 
Horn, and Half-long Horn probably were developed in the 17th century, whereas 
Short Horn probably was produced in the 18th century. 

It is possible that Long Orange types fit for kitchen use were produced in Holland 
during the 17th century by selection from the long yellow carrot, possibly after 
crossing with an unpalatable but more intensely coloured red-orange type. 

c. The orange Brunsvic probably came into use in Germany between 1684 and 1740. 
Originally it had the character of a forage carrot. 
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SUMMARY 


L. European carrot improvement began with material imported from the Arab coun- 
tries. It consisted of a purple type, called “red” by ZEE before about 1700, and 
a yellow type growing largely above the ground. 

2. The purple carrot played a role in France during the 14th-17th centuries, in the 
Netherlands during the 15th-18th centuries, and in Germany during the 18th and 
possibly the 19th centuries. At first the purple carrot probably was the main type 
grown, later its use became very limited. 

3. The yellow carrot became more generally used than the purple. It gradually spread 
throughout Europe and probably started superseding the purple in the 16th cen- 
tury. 

4, The white and the orange carrots were probably selected from the yellow. 

5. During the 17th and 18th centuries the white carrots were used in the French kit- 
chen. In other countries they never became as popular as in France. 

6. The first orange coloured garden carrots were produced in the Netherlands. Late 

Horn and Half long Horn probably were developed in the 17th century, whereas 
Short Horn probably was produced in the 18th century. 
It is possible that Long Orange types fit for kitchen use were produced in Holland 
during the 17th century by selection from the long yellow carrot, possibly after 
crossing with an unpalatable but more intensely coloured red-orange type. The 
orange Brunsvic appeared in Germany between 1684 and 1740. Originally it had 
the character of a forage carrot. 


SAMENVATTING 


De ontwikkeling van het oorspronkelijke Europese wortelmateriaal 


L. De Europese wortelveredeling is uitgegaan van materiaal afkomstig uit de Arabi- 
sche landen. Dit omvatte een paars type, dat door schrijvers van voor ongeveer 
1700 werd aangeduid als “rood”, en een geel type dat sterk bovengronds groeide. 

2. De paarse wortel was van betekenis in Frankrijk gedurende de 14e-17e eeuw, in 
Nederland gedurende de 15e-18e eeuw en in Duitsland gedurende de 18e en mis- 
schien ook de 19e eeuw. In het begin was de paarse wortel waarschijnlijk het hoofd- 
type voor de teelt, maar later werd het gebruik zeer beperkt. 

3. De gele wortel verkreeg een veel algemener gebruik dan de paarse. Langzamer- 
hand verspreidde hij zich meer en meer over Europa. Vermoedelijk begon hij in de 
16e eeuw de paarse al te overheersen. 

4, De witte en de oranjerode wortelen zijn vermoedelijk ontstaan uit de gele. 

5. Gedurende de 17e en 18e eeuw werden de witte wortels in de Franse keuken ge- 
bruikt. In andere landen zijn ze nooit zo populair geworden als in Frankrijk. 

6. De eerste oranje tuinwortelen zijn in Nederland geproduceerd. De Late Hoornse en 
de Halflange Hoornse zijn vermoedelijk in de 17e eeuw ontstaan, de Korte Hoornse 
in de 18e eeuw. 
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Het is mogelijk dat de lange oranje typen, die geschikt waren voor gebruik in de 
keuken, in de 17e eeuw in Holland ontstonden door selectie uit de lange, gele wortel, 
mogelijk na kruising met een oneetbare doch sterker roodoranje gekleurd type. De 
oranje Brunswijker verscheen vermoedelijk tussen 1684 en 1740 in Duitsland. In 
het begin was het een voerwortel. 
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1. INTRODUCTION 


A prospect of obtaining potato varieties resistant to the Potato Root eelworm, 
Heterodera rostochiensis Worr., originated with ELLENBY’s discovery of eelworm 
resistance in four clones of Solanum tuberosum subsp. andigena (Juz. et BUK.) HAWKES 
in 1951. ELLENBY’s announcement (4) was accompanied by evidence presented by 
TOXOPEUS and HUIJSMAN (12) who showed that eelworm resistance was an inherited 
character. The latter authors (13) postulated that a major gene, designated H, con- 
ferred resistance in seedlings derived from subsp. andigena C.P.C. 1673. Most resistant 
seedlings studied by ToxOoPEUS and HUIJSMAN were characterised by an absence of 
cysts on their roots, when conditions of test were such that roots of susceptible 
seedlings and control commercial varieties were crowded with cysts. JONES (10) 
observed that the roots of resistant clones were invaded by eelworm larvae, of which 
none or very few had subsequently developed as far as the distinguishable female 
form. 


Potato breeding for eelworm resistance was begun at Cambridge and Pentlandfield 
in 1952. Initial results obtained at both Centres agreed with the early findings of Toxo- 
PEUS and HUIJSMAN. The pathogenic behaviour of at least three widely separated eel- 
worm populations was therefore shown to be similar. A first indication that eelworm 
populations could differ in their response towards eelworm resistant seedlings was 
obtained at Pentlandfield in 1955 (1). In this instance, one eelworm population in soil 
collected from an Edinburgh garden differentiated no cyst-free seedlings in progenies 
which were known to be segregating for the gene H. Investigations relating to this eel- 
worm population, hereafter termed the Duddingston population, are reported in the 
following pages. 


2. PATHOGENICITY OF THE DUDDINGSTON POPULATION OF HETERODERA ROSTOCHIENSIS 


In a preliminary test all resistant subsp. andigena and certain subsp. andigena x 
subsp. fuberosum hybrids, which together comprised part of a museum collection of 
resistant parental material, were grown in Duddingston soil. As a result, no plants 
remained cyst-free and some appeared to support as many cysts as the susceptible 
controls. The nature of the test, however, permitted of no firm conclusions as to the 
range of susceptibility displayed by material which had formerly been regarded as 
highly resistant. 

One hundred and seventy eight cysts were picked directly from roots of seven pre- 
viously resistant clones. The mean dimensions of these cysts, as measured by projection 
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of a X 100 image on centimetre graph paper, were 0.54 mm in length from base of 
neck X 0.48 mm in breadth. Length/breadth ratio — 1.12. In gross morphology, 
Duddingston cysts agreed with Heterodera rostochiensis WOLL. in size, roundness, 
passage through the same colour changes and in possession of a single fenestra and V- 
shaped mark. Henceforward, the Duddingston population was regarded as aggressive !) 
Heterodera rostochiensis. 

The knowledge that resistant seedlings derived from C.P.C. 1673 were all more 
susceptible to the Duddingston population did not preclude the possible existence 
of residual resistance in this material. Such resistance, especially if found in improved 
seedlings, could be useful in breeding. It was also important to know if any such 
resistance had been dissipated by the out-crossing of resisters with commercial varie- 
ties. For these reasons, a comprehensive selection of material derived from C.P.C. 
1673 was tested for resistance to the Duddingston population. 

Possible alternative sources of resistance were explored in material derived from 
subsp. andigena C.P.C.1685 and C.P.C.1690 and in S. vernei Brrr. et WirTM. A range 
of non-tuberous Solanaceous species was also tested for reaction to the Duddingston 
population. 


Methods 


The methods to be described were applied to all classes of material examined, but 
the description °) relates in detail to the testing of material derived from C.P.C. 1673. 

The recovery of the parasite from individual clones was considered to be impracti- 
cable because of the labour involved. Instead, an objective method of scoring infected 
plants while still growing was devised, whereby the whole material could be broken 
down into groups corresponding to intervals in the range of a certain susceptibility 
index. Later, if desired, soil in. which different groups had grown could be bulked and 
sampled for infectivity. Experience had shown that this estimation was made more 
rapidly and efficiently when the organic content of the infective soil was reduced to a 
minimum, so the plants were grown in soil containing a high proportion of sand. 

This sand was a 1 :2 mixture of horticultural sand and a locally occurring fine sand. 
In a previous experiment, it had been possible to recover as many as 860 cysts per 4 
inch pot of this mixture, after the inoculation of susceptible potato plants contained 
in these pots with 2,000 freshly hatched larvae. The mixture gave firm root-balls when 
plants were tipped out of pots. 

It was desirable that the Duddingston population should be once “passed through” 
eelworm resistant seedlings, so that the immediate origin of the inoculum used in tests 
could be known. Accordingly, a parent soil was obtained in which batches of subsp. 
andigena x subsp. tuberosum hybrids, which were at least simplex for the gene H, had 
been grown. This soil was finely sieved in order to achieve concentration of cysts in the 
sieved soil and to provide for uniform mixing with sand. The infectivity of the sieved 
soil was estimated to be 422 larvae per gm. The sieved soil was then diluted with sand 
in a ratio calculated to give a test soil of 100 larvae per gm. The infectivity of this test 


1) The term “aggressive” is used to denote an increase in the facility with which the parasite over- 
comes resistance, and reproduces in the host. Based on GÄUMANN, Principles of Plant Infection. 
London. 1950. 

2) Conversion factors: 1 inch — 2.5 cm, 64° F — 17.8°C. 
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soil proved to be 1.36 + 0.07 cysts per gm., of average content 81.2 + 2.1 eggs or 
larvae, or 110 eggs or larvae per gm. 

__Clones included in the test were grown from tuber pieces in 3 inch pots containing 
oyst-free sand, until shoots were a few inches tall. The plants were then tipped out of 
3 inch pots and were transferred with root-balls as intact as possible to 4 inch pots. 
Each 4 inch pot contained a layer of infective test soil, upon which the 3 inch root-ball 
was positioned centrally; then the surrounding space within the 4 inch pot was filled 
with more infective soil. In this way a total of 200 gms. of infective soil was used to 
surround all but the upper surface of the 3 inch root-ball. Finally, the soil surface in 
pots was smoothed over with cyst-free sand and the pots were placed in a sand plunge 
(Fig. 1). Two plants of each clone were treated in this way. In the sand plunge a tem- 
perature of 64°F, at base of pot level, was thermostatically maintained. 

The advantages of the method were held to be: 


. economical use of prepared test soil, 

. infection was delayed until plants were established in cyst-free sand and were grow- 
ing vigorously, 

c. cysts were concentrated in the zone where most subsequent root growth would take 

place. 


GS SQ 


Factors (b) and (c) were expected to contribute towards the rapid and uniform in- 
fection of roots which would be exposed later when the plants were tipped out of pots. 
The incidence of developing cysts on these roots was recorded by the following method. 


Fi. 1. À RANGE OF MATERIAL UNDER TEST FOR EELWORM RESISTANCE IN THE SAND PLUNGE 
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Fig. 2. ILLUSTRATION OF THE 
““PERFORATED CAN’ 


A “perforated can” constructed from thin copper sheeting was used (Fig. 2). This 
can was a bottomless model of a 4 inch pot. The wall contained 130 regularly spaced 
holes or windows of 1/4 inch diameter. Together, these windows exposed to view about 
16 per cent. of the surface of 4 inch root-balls which were fitted into the can. 

Counts were made of (a) the number of windows in which roots appeared, (b) the 
number of windows in which developing cysts were observed. Further experience 
showed that (c) the total number of cysts visible in all windows could also be counted 
without much extra trouble. These counts were facilitated by standing the perforated 
can on a turntable, after passage through the ring of a retort stand which then sup- 
ported the haulm of the plant under examination. 

After examination in this way the plant was carefully re-potted, then returned to the 
sand plunge and left to dry out over a period. During this time developing cysts, such 
as had been visible when scoring took place, were expected to ripen and become brown 
in colour, and plants of different maturity suffered the same gradually enforced stop- 
page of growth after the same growing period. When air-dry, soil from each pot was 
rubbed through a ten mesh per inch sieve and tubers and tufts of roots, from which 
nearly all cysts had been removed in the rubbing process, were discarded. The sieved 
contents of pots were bulked, in a range of containers, according to the average sus- 
ceptibility index of particular clones. 


Test of material derived from C.P.C. 1673 


13 clones subsp. andigena, 15 clones subsp. andigena x subsp. tuberosum, 16 clones 
Ist backcross with subsp. tuberosum, were ““inoculated’” with Duddingston test soil. 
This material comprised a museum collection of resistant clones, in most of which 
presence of the H gene had been proved by breeding. As before, cysts appeared on 
every clone. 

An assessment of the relative susceptibility of clones was made by use of the per- 
forated can. Clones were then grouped according to the average susceptibility index 


(S.1.) of the two plants by which each clone was represented in the test. 
Ss No. of ven showing al least one cyst < 100 
No. of windows showing roots 


The resultant grouping of clones within the different generations is recorded in 
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Table 1. From this Table no appreciable shift towards increased susceptibility to the 
Duddingston population could be detected in succeeding generations derived by self- 
ing or outcrossing of C.P.C.1673 but the possibility that clones classified in the 0-5 
group were displaying resistance could not be ignored. The next step was to test the 
validity of the grouping in Table L, and to discover the degree to which the initial 
eelworm population had been maintained on the seven groups of clones, irrespective 
of generation, into which the entire material had been classified. The bulks of sieved 
soil corresponding to these groups were weighed and cysts were recovered by flotation 
from nine samples of either 100 gm. or 50 gm. from each bulk of soil. Subsequently, 


TABLE 1. CLASSIFICATION OF C.P.C. 1673 DERIVATIVE CLONES INFECTED BY THE DUDDINGSTON EELWORM 
POPULATION 


Susceptibility index (a) groups 


Material derived from subsp. 
andigena C.P.C. 1673 I u u IV Vv VI VII 
0-5 5-10 10-15 | 15-20 | 20-25 | 25-30 | 30-35 


13 clones subsp. andigena . . . 2 5 5) — = Ee 


15 clones subsp. andigena X 


subsp. tuberosum …..... 1 4 3 5 — — 
16 clones first backcross with 

BUDSPAEUDEFOSUML Sk. 1 5 5) 3 — 1 l 
ROCANCION ESE eene ene 4 14 13 9 2 1 1 


TABLE 2. RECOVERY OF THE PARASITE FROM GROUPS OF CLONES CLASSIFIED IN TABLE Ì 


Susceptibility index (a) groups . I II UI IV V VI VII 
Average sieved soil per 
pot in gms. Rd 688 684 678 675 691 674 688 
Average number of 
cysts per 100 gms. 
sievedisoilf man —b 142 201 242 266 384 352 491 
Average eggs or larvae 
DELCYSERN AN zen IC 122 104 — — = IA: En 
Estimated cysts inoculated per pot ....... =d 22 
Estimated eggs or larvae in cysts inoculated per pot — e 22,086 
Yield of cysts per pot 
en At id ed fi 977 15375 1,641 1,795 2,653 253712 3,378 
Multiplication in terms 
OLCNSER EE EK: sid 3.6 Sal 6.0 6.6 9.8 8.7 12.4 
Yield of eggs or larvae 
perpot nit, Js, =fxce | 119,194 | 143,000 — — = - — 
Multiplication interms _fyc 
ofeggsorlarvae . . tre 5.4 6.5 — B — — — 
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samples of cysts for estimation of cyst contents were obtained from certain of the 
bulks of soil by flotation from three samples of weight calculated to yield about 100 
cysts each. The estimation of cyst contents was then done by the method described by 
Goopey (7) i.e. without the aid of a homogenizer. The averaged results of both types 
of estimation for different bulks of soil appear in the first part of Table 2. Through- 
out, no attempt was made to distinguish between old and new cysts. In the second 
part of Table 2 the yield of cysts and eggs or larvae is worked out for the average 
weight of sieved soil obtained from pots in particular groups, since this weight was 
slightly variable between groups. Knowing the weight and infectivity of the soil 
inoculated per pot, the yield of the parasite for different groups is then expressed as a 
multiple of the inoculum in terms of cysts and in terms of eggs or larvae. Since infec- 
tivity (eggs or larvae per gm.) in soil from the least susceptible groups proved to be 
5.4 and 6.5 times greater than initial infectivity, estimations of cyst contents were 
discontinued and it was concluded that no useful resistance to the Duddingston popu- 
lation existed in material derived from C.P.C. 1673. 

The validity of the grouping in Table 1 is supported by the figures for cysts recovered 
from the different groups. Briefly, it was considered that scoring by use of the per- 
forated can had achieved more accurate results than could have been obtained by 
more subjective scoring methods. Data have been accumulated which will assist in the 
design of future experiments and the statistical treatment of results. 


Test of material derived from C.P.C. 1685 and C.P.C. 1690 


Certain clones derived from C.P.C. 1685 and C.P.C. 1690 were tested for resistance 
to the Duddingston population. These clones are listed below against data obtained, 
as before, by use of the perforated can. 


Derived from C.P.C.1685: — Susceptibility indices 
l clone subsp. andigena. ... di NE 10.3 

3 clones subsp. andigena x subsp. tuberosum er ats EO AG 
Derived from C.P.C.1690: — 

2 elones- subsp. ;GndIgENd: Tern RENEE RER ee Re WA 

2 clones subsp. andigena x subsp. Mrne RT 


Prior to obtaining the Duddingston population the clones in this test were all re- 
garded as highly eelworm resistant and their resistance had been proved by progeny 
testing. 

A comparison of the susceptibility indices recorded for this material with those re- 
corded for material derived from C.P.C.1673, in Table 1, is sufficient to indicate that 
C.P.C.1685 and C.P.C.1690 possess no resistance to the Duddingston population 
which would be useful in breeding. 


Test of Solanum vernei 


Eelworm resistance in S. vernei was discovered by ELLENBY (3). In contrast to the 
subsp. andigena, S. vernei is a truly wild species which presents some problems in 
breeding. Six clones of this species were obtained in 1956. 

One plant of each clone was inoculated with Duddingston test soil, and a second 
plant of the same clone was inoculated with test soil B, which contained a non-aggressi- 
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pe population of comparable infectivity (105 larvae per gm.). One small cyst was 
recorded on one plant infected by population B, but no cysts were observed on the 
remainder. The eelworm resistance of S. vernei was, therefore, maintained against the 
Duddingston population in this test. 


Test of non-tuberous Solanaceous material 


The susceptibility of a number of non-tuberous Solanaceous plants to the Dudding- 
ston population was compared with their susceptibility to population B. Sugar beet 
and Antirrhinum majus L. were included in the test. Four plants of Solanum nigrum L. 
and two plants of various other species were inoculated with Duddingston test soil and 
a corresponding number of plants of each species was inoculated with test soil B. This 
test was undertaken partly in an attempt to establish whether the existence of aggressive 
eelworm populations could have contributed to some confusion of host records in the 
literature as summarised, for instance, by FRANKLIN (5). It was also interesting to 
speculate whether plants of certain species could have acted as selective agencies in the 
evolution of aggressive eelworm populations. In this respect the position of S. nigrum, 
in which a degree of resistance apparently comparable to that displayed by subsp. 
andigena is well authenticated (2), was important. S. nigrum is a common weed in some 
parts of Britain. 

The following species remained free from cysts throughout the test: — 


Sugar beet, Antirrhinum majus L., Atropa belladonna L., Datura stramonium L., 
D. inermis JACQ., Hyoscyamus aureus ALL., Lycium chinense Mur., Nicotiana 
alata Link et Otto, N. rustica L., N. tabacum L., Physalis alkekengi L., Solanum 
capsicastrum LINK. 


Cysts developed on roots of plants of the following species after infection by one or 
both eelworm populations: — 


Solanum aviculare FomRsT., S. dulcamara L., S. nigrum L., Lycopersicum esculentum 
Mir. var. MONEYMAKER. 


TABLE 3. THE RESULT OF SCORING PAIRS OF PLANTS BY MEANS OF THE PERFORATED CAN 


Cysts per 100 windows showing roots 
Species 
Population B Duddingston population 

RSHOVIGH LOVE Vea vroem onde mede 39.3, 43.2 16.9, 38.7 
SMAUICAMOTOE RE 1575 6.0 24, 0 

IENOSCHIENLUNM ee en 0, 15 0.8, 0.8 
S.nigrum seedstock 1 .. Ops 0 165 28) 
S.nigrum seedstock 2 .. Os 0) 24, 253 


The incidence of cysts on these plants was recorded by use of the perforated can. On 
this occasion cysts were counted and the result is expressed fractionally in Table 3 as 
number of cysts per hundred windows showing roots, for each plant. $. aviculare, 
which has an Australasian distribution, proved to be a very good host for both popu- 
lations. The remaining plants, by comparison with S. aviculare, were poor hosts. 
Neither population appeared to be well adapted for multiplication in L. esculentum or in 
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S. dulcamara. In the reaction of S. nigrum, only, was some differentiation between the 
two eelworm populations discerned, in that a small number of cysts were observed on 
each of four plants infected by the Duddingston population, while plants grown in test 
soil B remained apparently cyst-free. Reference to the literature suggested that this 
difference was significant. DONCASTER (2), for instance, catalogued the development of 
H. rostochiensis larvae in roots of S. nigrum and showed that larval development ceased 
before cyst formation. JONES (9) studied the host ranges of several Heterodera sps., in- 
cluding the Potato Root eelworm, but recorded no cysts on S. nigrum. 

Evidence available at present, therefore, suggests that the Duddingston population is 
aggressive towards S$. nigrum. It remains to be seen whether a significant parallel exists 
between this relationship and the aggressiveness of the Duddingston population to- 
wards eelworm resistant potatoes. 


Test of susceptible potato varieties 


Evidence accumulated to show that the hatchability of eggs in cysts of the Dudding- 
ston population had increased throughout the duration of the preceding tests. This 
finding, while fortunately not detracting from the validity of conclusions drawn from 
these tests, meant that a false picture of the pathogenicity of the Duddingston popula- 
tion, as compared with that of population B, was obtained from the recovery of cysts 
from susceptible controls used in these tests. A truer comparison was, however, achie- 
ved later. 

Plants of the varieties Epicure, Pentland Ace and the seedling variety 2371(b)17 were 
tested for susceptibility to the Duddingston population and population B. 2371b(17), a 
late maturing seedling, had proved to be a reliable eelworm susceptible control in 
previous tests. In this test the perforated can was used only to obtain correlation data 
for future reference. 


TABLE 4. ESTIMATED PERCENTAGES OF EGGS OR LARVAE RECOVERED AS CYSTS 


Potato variety 
Eelworm population 
Pentland Ace | Epicure | 2371b (17) 
Bil kent ERA: 15.6 15.1 | 17.4 
Duddingston .. . 10.9 KSd | 22 


Six plants of each variety were tested against each eelworm population. The averaged 
results for each variety are expressed in Table 4 as the estimated percentages of eggs or 
larvae inoculated which were subsequently recovered as cysts, i.e. 


estimated yield of cysts per pot — estimated cysts inoculated 


estimated eggs or larvae contained in cysts inoculated aken 
As calculated above, a 15 per cent. recovery was equivalent to a yield of new cysts 
11.2 times greater than the number of cysts inoculated. The results for the Duddingston 
population were rather more variable than those obtained for population B, but it is 
clear that no distinction can be drawn between the pathogenicity of the two eelworm 
populations towards susceptible potato varieties. The results in Table 4 provide a use- _ 
ful commentary on the suitability of test conditions for eelworm multiplication. 
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3. THE DISTRIBUTION OF AGGRESSIVE POPULATIONS OF HETERODERA ROSTOCHIENSIS 


Potato Root eelworm populations in 113 soil samples from different fields or gardens 
were tested for response to the growth of eelworm resistant plants. 
The eelworm infested soil samples belonged to four groups — 


a. 15 samples were collected from gardens in the Duddingston area of the City of 
Edinburgh, and fields near Edinburgh, 

_D. 8 samples were collected from fields in the First-Early potato growing area in Ayr- 

| shire, on the West Coast of Scotland, 

c. 5 samples were received from fields in East Anglia, England, 

d. 85 samples were received from fields in fifteen Scottish counties. 


Samples were finely sieved in order to obtain increased infectivity in the sieved soil. 
No attempt was made to standardise the infectivity of different samples. From the 
sieved samples, infective soils in two Dilution Series of relative infectivity 1 : 3 were 
prepared. 


Series I. — 
l sieved soil : 3 cyst-free soil supplement, by volume. Soil supplement — 1 peat 
: 11 compost, $ oz. potato fertiliser per gallon.) 


Series II. — 
3 sieved soil : 1 cyst-free soil supplement, by volume. Soil supplement — 3 peat 
: l compost, 2 ozs. potato fertiliser per gallon. 


Each sample was finally represented by two full 4 inch pots in both Series I and 
Series IL. In one pot in each Series a control susceptible variety, Pentland Ace, was 
grown. In the remaining pot in each Series an eelworm resistant hybrid, descended 
from C.P.C.1673, was grown. During the growing period, all pots were sunk in an out- 
door gravel plunge. 

Root-balls were inspected when yellow cysts were visible on the controls. A popu- 
lation was classed as ““aggressive’” when cysts were found to be developing at the same 
time on the corresponding resistant test plants. On these occasions, the incidence of 
developing cysts was recorded by use of the perforated can. 


total cysts visible in windows 100 


Susceptibility Index (b) — rnberof windows showing roots 

No appreciable evidence of infection was obtained from 15 reputedly infested soils. 
Of the remaining 98 soil samples, the eelworm populations in 12 were classed as aggres- 
sive. 

These latter samples, which were found in three of the four sample groups already 
indicated, are listed in Table 5 against data obtained by use of the perforated can. 
These data reflect expected differences in the level of infectivity between samples. 
Within samples, the incidence of developing cysts tended to be greatest in Series II 
when infectivity was low, and in Series I, the more highly diluted Series, when infectivity 
was high. 

For 9 of the 12 aggressive populations, the seedling incorporating the gene H and the 
control commercial variety appeared to be equally suitable hosts. Comparatively, the 

1) Conversion factors: 1 oz. = 28 gms. 1 gallon — 4.5 litres. 


85 


J. M. DUNNETT 


TABLE 5. LIST OF SOIL SAMPLES CONTAINING AGGRESSIVE POPULATIONS AND SUSCEPTIBILITY INDICES OF 
SUSCEPTIBLE AND RESISTANT TEST PLANTS 


Susceptibility index (b) 
Soil sample Soil sample Susceptible variety Resistant seedling 
groups Reference No. 8 
Series I Series II Series 1 Series II 

il 12.9 122 30.1 1387 
2 10.5 9.0 | 10.3 19.8 
3 4.8 12.0 10.3 21.3 
g 4 19.3 42.7 2.0 1.0 
| 5 36.6 2107 2.0 3.0 
6 53.6 34.7 2.8 7.6 
e 7 50.0 Sel 44,7 32.6 
8 1.0 0 5.5 | 4.1 
| 9 3.0 damaged 35 DD) 
d 10 DS Zl 0.9 4.3 
| u | 6.4 11.9 11.6 ME 
12 2.8 11.8 1.0 14.5 

Non-aggressive control O2 44.7 0 | 0 


remaining three populations, Nos. 4, 5 and 6, appeared to be less well adapted for 
multiplication on the resistant seedling and tended, therefore, to resemble the control 
population in this respect. 

Four of the aggressive populations were obtained from gardens in the City of Edin- 
burgh. Sample No. 1 was collected from the garden where the Duddingston population 
had been encountered previously, and samples 2 and 3 came from adjacent gardens. 
Information obtained suggested that houses in this area had been built on eelworm in- 
fested land and it seemed probable that this land had been used to grow the potato 
variety Epicure, as is still the practice on nearby farms. Since a degree of eelworm 
resistance has been claimed for this variety in the past (6), the extent to which its cul- 
tivation was responsible for the existence of aggressive populations was worth inves- 
tigating. Accordingly, the eight samples in group (b) were collected from an area where 
Epicure potatoes are often grown annually in the same fields but harvested very early. 
One sample came from a field where Epicure potatoes had been attacked annually by 
the Potato Root eelworm since before 1930. O'BRIEN and PRENTICE (Ì 1) and GRAINGER 
(8) give details of potato cultivation in this area. The eelworm populations in the group 
(b) samples were not aggressive, however. This finding tends to discount any selective 
influence by the variety Epicure. 

Eight of the aggressive populations were found in widely separated fields in South- 
East Scotland, South-West Scotland and in the East of England. The distribution of 
aggressive populations is being considered in relation to historical and environmental 
factors, but no significant factor has yet been found to connect the aggressive popula- 
tions already recorded. 


4. DISCUSSION 


The appearance of aggressive strains or races of a parasite, against which a particular 
kind of resistance in the host is no longer effective, is an accepted hazard in plant 
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breeding with the aim of disease control. Often, an evolutionary response in the para- 
site, following the exposure of resistant material to attack, can be inferred. The posi- 
ton with regard to the Potato Root eelworm, however, appears to be more complex. 
Potato Root eelworm populations which are aggressive towards resistant potato 
varieties have been shown to exist in advance of any selective influence by these varie- 
„ties. It is believed, on the basis of results presented in Table 5, that potato varieties 
bred for eelworm resistance derived from subsp. andigena will prove as susceptible as 
existing commercial varieties when grown for the first time in certain eelworm infested 
soils in Britain. It has been proved that one aggressive population, designated the 
Duddingston population, multiplied under test conditions on a comprehensive range 
of resistant material derived from subsp. andigena. 

Prior to the discovery of the Duddingston population, breeding for eelworm resist- 
ance was based on the response of eelworm populations within which, from the negli- 
gible numbers of cysts which arose on resistant seedlings, the incidence of aggressive 
biotypes was very low or nil. Eelworm populations such as these, and the aggressive 
populations which differentiate no apparent resistance in subsp. andigena represent 
two extremes in the pathogenicity of the Potato Root eelworm. Between these two 
extremes three of the aggressive populations recorded in Table 5 appeared to be inter- 
mediate. This situation indicates that Heterodera rostochiensis is very variable in pa- 
thogenicity towards resistant seedlings derived from subsp. andigena, although pro- 
gressive specialisation has not so far been recorded in any one eelworm population. 

Whether aggressiveness towards eelworm resistant potatoes is influenced by some 
related selective agency is speculative and some consideration has been given to the 
possible role of Solanum nigrum in this connection. Whatever the theoretical outcome, 
however, the area of eelworm infested land in Britain where resistance derived from 
subsp. andigena can be employed effectively, is reduced by a first estimate of about ten 
per cent. Under what conditions resistance will continue to be displayed in the re- 
maining area can probably be determined only by experience, since eelworm popula- 
tions in different fields may differ in their long term response to the cultivation of 
resistant varieties. 

Since the Potato Root eelworm is a soil borne parasite, the degree of control exer- 
cised by resistant varieties can be supported by the adoption of suitable crop rotations. 
The spread of aggressive biotypes will also be limited to their distribution in adherent 
soil, against which precautions can be taken. These are immediate, practical consider- 
ations. In the future, however, the evolution of aggressive populations may also be 
further delayed by the alternation of potato varieties possessing different kinds of 
resistance. For instance, the eelworm resistance of Solanum vernei appeared to be 
maintained against the aggressive eelworm population which was studied. TOXOPEUS 
(14) recently undertook an expedition to the Andes with the main objective of collect- 
ing additional eelworm resistant material. 

In the foreseeable future, therefore, it appears that resistance derived from subsp. 
andigena will contribute to the control of the Potato Root eelworm, without offering a 
complete solution to the problem. Resistance in S. vernei is already being exploited in 
potato breeding and still other sources of resistance are being surveyed. 
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SUMMARY 


Breeding for resistance to Heterodera rostochiensis was started in Scotland in 1952, 
using certain clones of Solanum tuberosum subsp. andigena as the source of resistance. 
Resistance was manifest by the almost complete failure of larvae to mature in the roots 
of resistant seedlings, particularly those derived from the clone C.P.C.1673. 

In 1955 an eelworm population was found which overcame this resistance and was, 
for this reason, designated as “aggressive”. 

Resistance was also overcome in selfed and hybrid seedlings derived from subsp. 
andigena C.P.C.1685 and C.P.C.1690. Resistance in Solanum vernei was apparently 
maintained against the aggressive eelworm population which was studied. This aggres- 
sive eelworm population multiplied normally on commercial potato varieties. 

In a first survey of Potato Root eelworm infested soils in Britain about 10 per cent of 
the eelworm populations sampled were found to differentiate little or no resistance in a 
test plant which was at least simplex for a resistance factor H, derived from C.P.C.1673. 


Il am indebted to Dr. W. BLACK, who initated the work on eelworm resistance, for 
advice and helpful criticism; to Mr. E. DUNN, Dr. J. GRAINGER, Mr. V. Cory and to 
the Department of Agriculture for Scotland for cooperation in the collection of soil 
samples; and to Dr. D. A. GOvIER for photographic records. 


SAMENVATTING 


Variatie in pathogeniteit van het aardappel-cystenaaltje (Heterodera rostochiensis Woll.) 
en haar betekenis voor de aardappelveredeling 


Met het kweken op resistentie tegen Heterodera rostochiensis werd in Schotland in 
1952 een begin gemaakt. Als bron van resistentie dienden klonen van Solanum tubero- 
sum subsp. andigena *. De resistentie uitte zich doordat de larven zich niet ontwikkelen 
tot geslachtsrijpe dieren in de wortels van resistente zaailingen, in het bijzonder niet in 
zaailingen, welke afstammen van kloon C.P.C. 1673. 


In 1955 werd een populatie van het aardappel-cystenaaltje gevonden, die de resis- 
tente planten aantast en om die reden agressief werd genoemd. Resistente zaailingen 
die door zelf bestuiving of kruising afstammen van andigena C.P.C. 1685 en C.P.C. 
1690 bleken eveneens door het agressieve aaltje te worden aangetast. Solanum vernei 
daarentegen bleek resistent te zijn. 

De agressieve populatie vermeerderde zich normaal op de in het verkeer zijnde aard- 
appelrassen. 

Uit een eerste overzicht van de met het aardappelcystenaaltje besmette gronden in 
het Verenigd Koninkrijk blijkt dat een toetsplant, die tenminste simplex is voor het 
resistentie-gen H (afkomstig van C.P.C. 1673) weinig of geen resistentie toont tegen 
ongeveer 10 % van de verzamelde populaties. 


1) Hiermede wordt hetzelfde bedoeld als met S.andigenum. 
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A NEW METHOD OF TESTING BEANS 
FOR ANTHRACNOSE 


A. C. v. d. GIESSEN and A. v. STEENBERGEN 
Institute of Horticultural Plant Breeding, Wageningen, Holland 
Received 19 Febr. 1957 


Resistance to anthracnose (Colletotrichum lindemuthianum) is an important item of 
every bean breeding programme. The testing of beans for disease-resistance can be 
carried out more efficaciously by the application of artificial infection. The chances of 
escape will thus be greatly reduced and if seedlings can be inoculated at a very young 
stage it moreover becomes possible to minimize expenses and the amount of labour 
involved. 

Infecting beans with anthracnose can be performed by the method of LABRUYÈRE 
and HUBBELING. After removal of the seedcoat the germinated seeds, placed on filter 
paper, are inserted in wide culture tubes which contain some water. They are kept in 
the tubes for a couple of days to enable the young seedlings to develop a little. Next 
these seedlings are sprayed with a spore suspension. High humidity is obtained by 
closing the tubes with a moist plug of wadding. The tubes are then placed in a room at 
a temperature of 15-22°C. Two days after inoculation the plants are potted up to be 
selected later. It is also possible to keep them in the tubes until the susceptible plants 
are dead. 

If the number of plants to be tested is small, this method gives very good results; if 
many plants have to be tested, however, it is rather laborious and costly. Therefore a 
simpler and cheaper method was developed at our Institute; it has already been applied 
with success. In principle both methods are alike, but it has now become possible to 
make use of material that in many cases is already available at the breeding establish- 
ments. 


MATERIALS USED 


Zinc containers about 10 cm high or wooden boxes covered on the inside with 
plastic. 

Perforated zinc sheets (perforations 1.5 or 2 cm in diameter) provided with an up- 
turned edge a few cm high, or frames made from laths which are covered with fine 
wire-netting. These sheets and frames should fit into the containers. 

Plastic film (polythene) and filter paper. 


PROCEDURE 


Germination of seed 


For this purpose use can be made of a Dutch light. This is covered with plastic which 
in its turn is cased over with a double layer of moist filter paper. After the seeds have 
been disinfected to prevent the formation of fungi, e.g. with a TMTD containing disin- 
fectant, they are placed on the filter paper and covered with another layer of moist 
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FIG. 1. ZINC CONTAINER WITH FRAME, PARTLY COVERED WITH FILTER PAPER 


filter paper. It is desirable to cover the whole with plastic to prevent drying out. Ger- 
mination can take place at room temperature. 


Inserting the frames in the containers 


As soon as the seeds have germinated to such an extent that the roots are 2 or 3 cm 
iong the seed-coat is removed. This provides a better exposure of the young seedlings to 
the spore suspension. The seed-coat can be best removed after soaking the seeds in 
water. 

A sheet of filter paper is folded round the frames and then perforated by means of a 
lead-pencil (Fig. 1). The young seedlings are then placed on the filter paper with their 
roots through the holes. Next the frames are inserted in the containers, which are filled 
with water to a depth of about 1 cm. To enable the paper to absorb moisture it should 
be immersed in the water (Fig. 2). The seedlings are left in the container for a couple of 
days until they have developed to some extent. 


FIG. 2. CROSS SECTION OF A CONTAINER 


Infection 

As soon as the young seedlings have sufficiently developed they are sprayed with a 
spore suspension by means of a hand sprayer or a rubber-bulb syringe. Special care 
should be taken that all plants are sprayed properly. In order to have sufficient infec- 
tion material at hand it is of importance to maintain the different phsyiological races of 
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Fio. 3. FIRST SYMPTOMS OF THE DISEASE ON SUSCEPTIBLE PLANTS 


the fungus on an artificial substratum. For this purpose use is made of pepton agar on 
which the fungus produces spores profusely. The suspensions of the different biological 
strains can be sprayed separately or mixed. 

A temperature of 15-22°C and high air humidity are required for the development 
of the fungus. High humidity is obtained by closing the containers carefully with 
plastic film. Wooden containers should previously have been sufficiently moistened. 
The containers are then placed in a room where it is possible to maintain the optimum 
temperature, for instance in a cellar or a room with a northern aspect. The young 
plants should receive sufficient light, otherwise they will stretch markedly. 


Selection 


After 3 days the plastic is detached and removed the following day. It is essential, 
however, to maintain a humid atmosphere by applying a mist to the plants at intervals. 

The plants can be selected 7-10 days after inoculation. The stems and leaves of the 
susceptible plants are often so strongly affected that the plants fall over (Fig. 3). A 
single brown spot is no objection, although one should aim at selecting plants that are 
entirely healthy. 


SUMMARY 


|. In breeding beans it is possible to test the seedlings for resistance to anthracnose 
already at a very early stage. 

2. So far these tests have been carried out by the method of LABRUYÈRE and HUBBE- 
LING in which culture tubes are used. 

3. A new method, based on the same principles but simpler and less costly, has been 
developed at the Institute of Horticultural Plant Breeding. According to this method 
the young seedlings are placed on frames which are inserted in zinc or wooden con- 
tainers. Then they are infected. The temperature is kept at 15-22°C and high air 
humidity is obtained by covering the containers with plastic. 
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Een nieuwe methode voor de toetsing van bonen op resistentie tegen vlekkenziekte 


4. Bij de veredeling van bonen kan reeds in het kiemplantstadium worden getoetst op 
resistentie tegen vlekkenziekte. 

2. Tot dusver werd deze toetsing uitgevoerd met behulp van grote cultuurbuizen. 

3. Door het 1.V.T. werd een methode uitgewerkt, die in principe gelijk, doch eenvou- 
diger en minder kostbaar is. De kiemplanten worden op raampjes in zinken of hou- 
ten bakken geplaatst en daarna besmet. De temperatuur blijft gehandhaafd op 
15-22°C, terwijl voor het verkrijgen van een hoge luchtvochtigheid deze bakken 
worden afgesloten met plastic. 


LITERATURE CITED 


HUBBELING, N., Jaarverslag 1955, Instituut voor Plantenziektenkundig Onderzoek, Wageningen, 
pp. 146-148. 
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INTERNATIONAL COLLABORATION 
IN THE STUDY OF VARIETIES OF LETTUCE 


J.A. HUYSKES and C. M. RODENBURG 
Institute of Horticultural Plant Breeding, Wageningen, Holland 


Lettuce (Lactuca sativa L.) is a widely-cultivated plant and is listed in the seed 
catalogues of the world under more than 500 varietal names. The number of distinct 
types, however, is much smaller, as each may be represented by numerous varieties; 
as many as 20 synonyms of a particular type have been found, while a dozen occurs 
frequently. This situation causes much confusion and unnecessary complication. 

In 1953 Mr. J. SNEEP, then of the Institute of Horticultural Plant Breeding at Wage- 
ningen, Holland, suggested international co-operation in the grouping and denomi- 
nating of varieties of head lettuce. (It was agreed later that the work should be ex- 
tended to include other types in general cultivation). His proposal had the support of 
Dr. O. BANGA, Director of the Institute, and the undermentioned workers took part 
in the international survey: 


H. BASSE, Bundessortenamt, Rethmar, Deutschland. 

J. DROUzYy, Service Recherches et Sélections, Vilmorin-Andrieux, S.A, 
Paris, France. 

B. GLASCHKE, Bundessortenamt, Bamberg, Deutschland. 

J. C. HAIGH, National Vegetable Research Station, Wellesbourne, 
Warwick, England. 

J. A. HUYSKES, Instituut voor de Veredeling van Tuinbouwgewassen, 


Wageningen, Holland. 
C. M. RODENBURG, Instituut voor de Veredeling van Tuinbouwgewassen, 
Wageningen, Holland. 


G. TRÉBUCHET, Service Recherches et Sélections, Vilmorin-Andrieux, S.A.., 
Paris, France. 

L. E. WATTS, National Vegetable Research Station, Wellesbourne, Warwick, 
England. 


Each of the above teams were making independent studies of lettuce varieties, and 
it was arranged to exchange seed samples, enlarge the existing field trials and examine 
each other's collections. As a result of these joint inspections and discussions, a 
preliminary international list of lettuce varieties was compiled in 1955 and distri- 
buted to the participants in the 16th International Horticultural Congress at Scheve- 
ningen. 

It is felt that this list, enlarged into a monograph, should have a wider distribution, 
since it is believed that the information it contains should be available to all interested 
persons. Most of the material (some of it extending over 10 years work) is now ready 
for the press, and it has been decided to publish it in the form of a book, entitled 
“Varieties of Lettuce; An International Monograph”. It is due to appear in 1957 as 
a trilingual publication in French, German and English. It will be handsomely bound 
and will contain 250 pages, with approximately 100 reproductions of colour photo- 
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graphs. The size will be 17 x 24 cm (6#” x 94°) and the price fourty Dutch guilders 
_£4or $ 11 —). Orders will gladly be received by the 

Institute of Horticultural Plant Breeding, 

P.O. Box 16, 

Wageningen (Holland). 


SUMMARY 


A team of lettuce specialists from England, France, Germany and Holland studied 
the world’s lettuce varieties in 1954 and 1955. 

The number of real varieties was found to be about 130. (For these more than 
500 names are in use.) In addition to colour photographs of the 130 varieties, detailed 
descriptions of their characters and cultural possibilities were made. 

It is intended to publish the compiled material in the form of an international mono- 
graph of lettuce varieties. 


SAMENVATTING 


Internationale samenwerking bij het onderzoek van slarassen 

Een werkgroep van sladeskundigen uit Duitsland, Engeland, Frankrijk en Neder- 
land onderzocht in 1954 en 1955 het wereldslasortiment. Vastgesteld werd, dat het 
aantal werkelijke rassen ongeveer 130 bedraagt. (Het aantal namen hiervoor bedraagt 
meer dan 500.) Van deze 130 rassen zijn geïllustreerde beschrijvingen samengesteld 
met opgave van de cultuurmogelijkheden en de synoniemen. Gestreefd wordt naar 
publikatie van de verzamelde gegevens in de vorm van een internationale slarassen- 
monografie. 


REVIEWS OF BOOKS 


Conference on Chromosomes. Wageningen. 1956. N.V. W. E‚J. Tjeenk Willink, 
Zwolle, Netherlands. 231 pp., 8.10 guilders. 


This book contains the series of lectures held at the Conference on Chromosomes, 

April 16-19, 1956, at Wageningen. 

E. Hertz, Die Chromosomenstruktur im Kern während der Kernteilung und der 
Entwicklung des Organismus. 

H. D. SPRINGALL, Some aspects of the chemical structure of proteins and nucleic 
acids. 

T. CASPERSSON, Cytochemistry of nuclear elements. 

N. W. Pirie, The recognition, distribution and action of nucleic acids. 

L. EHRENBERG, Á. GUSTAFSSON and D. voN WETTSTEIN, Studies on the mutation 
process in plants-regularities and intentional control. 

A. MüNtzING, Chromosomes in relation to species differentiation and plant breeding. 

C. D. DARLINGTON, Messages and movements in the cell. 


From the titles it appears that in some lectures attention was focussed on the 
chemical structure of chromosomes while the two lectures on the mutation process, 
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_plant breeders. 
The book is copiously illustrated. 


DUNGAN, G. H. and Ross, W. A., Growing Field Crops. McGraw-Hill Book 
Company, Inc., London. 1957, 495 pp. Price 37 s. 


Dit met vele duidelijke foto’s geïllustreerd boekwerk behandelt de algemene land- 
bouwplantenteelt in Amerika. Overzichten van rassen bij de verschillende gewassen 
vindt men hierin dus niet, maar wel hoofdstukken over het kweken van landbouw- 
gewassen, de betekenis van een goede rassenkeuze, enz. 

Aan het slot vindt men een verklarende woordenlijst en een overzicht van de Ameri- 
kaanse films op het gebied van de landbouwplantenteelt. 


JENSMA, J. R., Cabbage varieties/Sluitkoolrassen. Wageningen, Institute of Horti- 
cultural Plant Breeding, 1956. 150 pp., f. 13,50. 


This book of reference (text in English and Dutch), is the result of 10 geen variety 
research at the Institute of Horticultural Plant Breeding. 

The most important morphological characters of 150 varieties of white, savoy and 
red cabbage âre described, while also an evaluation is given. Origin and synonyms are 
mentioned. Two photographs are added to every description, one of the mature 
plant and one of the head. References are also included in every description. 


Kurz, H., Vom Wildgewächs zur Kulturpflanzensorte. A. Ziemsen Verlag. 
Wittenberg Lutherstadt 1957. 142 pp., 8 Dm. 


Een rijk geïllustreerd boekje, dat zich prettig laat lezen. Ongetwijfeld heeft een be- 
zoek van Kurz aan Wageningen in 1954 er toe bijgedragen dat op verschillende 
plaatsen de aandacht gevestigd wordt op de Nederlandse kweekarbeid. 

Bij de behandeling van de oorsprongscentra van de kultuurplanten is aan VAVILOv 
de eer gegeven die hem toekomt, terwijl ook overigens in dit boekje geen spoor van 
Sovjetinvloed is te bespeuren. 

Ongetwijfeld zal dit werkje door alle kwekers worden gewaardeerd. 
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